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WILDLIFE VALUES OF THE LESPEDEZAS 
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The genus Lespedeza includes some 
150 species of leguminous shrubs and 
herbs native to eastern North America 
and Asia, often referred to as “bush 
clovers” but more commonly known as 
“lespedezas.”’ Recent studies have shown 
the relative values of several species for 
wildlife management. Many of the 
Asiatic species have not yet been tested 
for wildlife usage in North America, 
but it seems timely to discuss those al- 
ready introduced and used extensively, 
and to correct some common misunder- 
standings regarding the native Ameri- 
can species. 

Seventeen species of North American 
mammals and birds, besides domestic 
stock and poultry, are reported to have 
eaten the seeds, leaves, stems, or bark. 
The list includes elk, cotton rat, mice, 
opossum, bobwhite, wild turkey, mourn- 
ing dove, ruffed grouse, lesser prairie 
chicken, mallard duck, junco, towhee, 
English sparrow, and starling. Only six 
species of lespedeza appear suitable for 
developing wildlife habitat and these 
are known to be important only to 
bobwhite, rabbit, and deer, and pos- 
sibly to mourning dove and wild turkey. 

The most outstanding opportunities 
to increase wildlife by use of lespedezas 
occur within agricultural patterns of 
land management, and also on private 
game preserves and publicly owned 
refuges. Native species have been 
thought to afford good food for quail 
and other game in the Southeast, but is 


a false hope. On the other hand, a few 
Asiatic species have been used success- 
fully for wildlife conservation, although 
their original introduction to North 
America was variously for forage, soil 
improvement, ornamental plantings, or 
by chance. 

As late as 1941 it was believed that 
“only three [species] are of interest to 
the American farmer—two annual spe- 
cies, L. striata and L. stipulacea, called 
common and Korean, respectively, and 
a perennial species, L. sericea’ (McKee, 
1942). To these may now be added L. 
bicolor, a perennial shrub, and other 
similar shrubby species, including L. 
cyrtobotrya and L. thunbergiz. 


ANNUAL LESPEDEZAS 


Of all the species, only two are an- 
nuals and both have been introduced 
successfully in the United States. Com- 
mon lespedeza (L. striata), sometimes 
called Japan clover, came from eastern 
Asia. The date of introduction is un- 
known, but it was first recorded in 
Georgia in 1846. Kobe lespedeza is a 
strain obtained in 1919 near Kobe, 
Japan, and Tennessee 76 is a strain se- 
lected by the Tennessee Agricultural 
Experiment Station in 1915. The other 
annual, Korean lespedeza (L. stipu- 
lacea), was introduced from Korea in 
1919. 

Annual lespedezas now are used ex- 
tensively on crop lands and pastures for 
hay, grazing, and soil improvement. 
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The usual methods of harvesting seed 
leave an abundant supply of seed ac- 
cessible for birds; but when the plants 
are grazed or harvested as hay only, a 
negligible quantity of seed remains and 
feeding cover for bobwhite quail is poor. 

Extensive studies on these lespedezas 
(Stoddard, 1932; Davison, 1942) have 
proved them to be among the most im- 
portant of winter quail foods in the 
South; they are eaten in greater quanti- 
ties and more frequently than most 
other foods. Quail appear to exercise no 
preference between the two species, or 
even between varieties of each. In 
5,189 quail crops taken from 1937 to 
1940 (Davison, 1942), annual lespe- 
dezas measured slightly more than one- 
third (33.5%) of the entire contents. 
Oak acorns furnished only 13.4 per 
cent and were second. 

Annual lespedezas are of secondary 
importance to doves, but are eaten ex- 
tensively in the spring when favorite 
foods are scarcest (Rosene, 1939; Pear- 
son, 1942); Korean lespedeza has been 
recorded in doves taken during late 
winter by the present author. 

Both annual lespedezas are preferred 
foods of the wild turkey in Missouri, 
the seeds, leaves, and flowers being 
eaten in summer, autumn, and winter 
(Blakey, 1937). Annual lespedezas also 
are eaten by the mallard, starling, 
junco, cardinal, towhee, English spar- 
row, cotton rat and rabbits (Graham, 
1941), but possibly are of minor impor- 
tance to all except the rabbits. Deer have 
shown a great fondness for L. striata in 
Ohio during the summer (Chapman, 
1939). 

Annual lespedezas have been recom- 
mended widely for planting in winter 
food patches for quail but this should 


be unnecessary on well-managed farms 
Sufficient seed can be made available a, 
a by-product of crop production with. 
out either the waste of land or the ey. 
pense of maintaining special food plots 
if permanent cover is available at the 
borders of fields. The annuals have algy 
been recommended for field borde 
plantings but are unable to prevent the 
encroachment of shrubs, many of which 
will prosper with the same maintenance 
given the annual lespedezas. 


HERBACEOUS PERENNIAL LESPEDEzAg 


Perennial herbaceous types of lespe. 
dezas include all of the species native to 
North America and many of the intro. 
duced species of similar character, 
Eight species are recorded as food for 
bobwhite, wild turkey, and deer. They 
are reported a preferred food of wild 
turkeys in Missouri during the summer 
and autumn; observations and stomach 
examinations showed the leaves, flow- 
ers, and seeds to be eaten (Blakey, 
1937). Mosby and Handley (1943), 
however, attached no importance to 
these plants for the wild turkey, al- 
though they grow widely in Virginia. 
Ruff (1938) gave perennial native lespe- 
dezas a palatability rating of 30 (equal 
to the annuals) for deer, but had only 
one record of one per cent by volume in 
use as food. Stoddard (1932) thought 
the seeds of native lespedezas were an 
important food of the bobwhite, but 
later studies (Davison, 1940) have indi- 
cated a lesser significance when only 
contents of the crop (instead of the 
gizzard) are considered. The hard seeds 
of herbaceous perennial lespedezas re- 
main in the gizzard longer than most 
other foods, exaggerating the volume 
actually taken by the birds as much as 
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16 times. The first extensive study of 
crops alone showed perennial native 
lespedezas to comprise only 1.6 per 
cent of the total food taken by 5,189 
bobwhites (Davison, 1942). 

Experiments have failed to disclose 
any native species suitable for agricul- 
tural use (Pieters, 1939) and efforts of 
wildlife technicians to establish native 
perennials for quail range have met 
with poor success. The Soil Conserva- 
tio Service has tested L. capitata, 
hirta, stuevet, frutescens, virginica, re- 
pens, and procumbens extensively, but 
none has yet proved valuable for ero- 
sion control or for wildlife food or cover. 
Since their food values are known to be 
very low, the native lespedezas prove of 
little use in game conservation. 

As contrasted with native species, a 
few perennial herbaceous lespedezas 
from Asia have indicated promising 
success in agricultural programs. Seri- 
cea lespedeza (L. cuneata) has been 
used more extensively than any other 
for wildlife purposes, and also for hay, 
grazing, and soil improvement, be- 
cause of its ability to become estab- 
lished and prosper on relatively poor 
and eroded areas where the annual 
species are unsuitable. As a bobwhite 
food, sericea is now considered rela- 
tively unimportant, at least in the deep 
South. In Maryland a study of bob- 
white droppings revealed frequent oc- 
currence of sericea, particularly in habi- 
tats with nothing but broomsedge and 
pine-hardwood forest adjacent (Wilson 
and Vaughn, 1944). Sericea seed is 
small and very hard, as is the case with 
native species, but was recorded in 9 
quail crops averaging 38.4 per cent of 
the contents (Davison, 1942). One bird 
had made a full meal on the seeds of 


this plant. Rabbits are known to in- 
habit sericea plantings, sometimes cut- 
ting the stems and leaves, but whether 
they use the plant substantially as food 
is unknown. Among ground nesting 
birds, the grasshopper sparrow and 
meadow lark have nested in sericea. 

Sericea is probably of greatest value 
in agricultural game conservation as a 
cover plant. Quail roost in it at night 
and coveys frequently are flushed from 
plantings where apparently they are 
resting through the day. It appears to 
be a satisfactory substitute for cover 
such as that supplied by broom-sedge 
(Andropogon virginicus), an important 
plant in association with shrubs for 
quail on idle lands. Land-use programs 
that provide for proper use of every acre 
on a farm leave no place for these plants 
which thrive on waste areas. A need 
exists, therefore, for sericea or some 
similar type of cover on farms which 
are being improved until every acre is 
well managed. 

Sericea is being used extensively as 
cover for wildlife on the borders of fields 
adjoining woodlands (Davison, 1941). 
Several state conservation departments 
including those of Virginia, Mississippi, 
Alabama, Florida, Georgia, Tennessee, 
Kentucky, and Louisiana, have fur- 
thered the establishment of wildlife 
borders by contributing sericea seed to 
cooperators in soil conservation dis- 
tricts. Most of these projects are ap- 
proved under the program for Federal 
Aid to Wildlife (Pittman-Robertson 
Act). Since no other plant yet has been 
found adaptable to the severe condi- 
tions on field borders, and since these 
borders are most suitable for wildlife, 
careful studies are needed to determine 
the full and exact usefulness of sericea 
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for wildlife conservation; adequate 
evaluations have not been made as yet. 

Two other introduced herbaceous 
perennial species (L. hedysarioides, L. 
latissima) appear to be poorer than 
sericea for agricultural purposes but 
they need further study; a few addi- 
tional species (L. daurica, L. inshanica) 
are being tested. 


SurvusB LESPEDEZAS 


Shrub-type lespedezas appear to have 
exceptional value for certain wildlife 
and to be particularly adapted to land 
management on farms and preserves. 
The term “shrub lespedeza”’ here refers 
to the woody types or true shrubs, and 
should not be confused with the term 
“bush lespedeza,” used frequently for 
the native herbaceous species. The 
shrub lespedezas were introduced from 
Asia as ornamentals under various 
names, such as Oriental lespedeza and 
flowering desmodium. Some of the 
showiest flowering varieties produce 
little seed. 

The Soil Conservation Service has 
used bicolor lespedeza (L. bicolor) most 
extensively in recent years for wildlife 
and for erosion-control. Another species 
(L. cyrtobotrya), has been used success- 
fully, but less extensively, and a third 
(L. thunbergii) is showing satisfactory 
promise. Several similar woody lespe- 
deza species are being grown for initial 
observation in Service nurseries. 

Bicolor is being used successfully 
south at least to northern Florida; it is 
hardy as far north as central New Eng- 
land, but often fails to ripen seed before 
early frost north of Tennessee and cen- 
tral Virginia. Cyrtobotrya ripens seed a 
week or ten days earlier than average 
bicolor, and the former is being used 


successfully in northern Virginia gy 
the mountains of the Carolinas ay 
Georgia. Apparently it is adapted 4 
much of the range in which bicolor j 
satisfactory but it has not been teste 
thoroughly in the deep South. L. thug 
bergit has been grown less extensiveh 
but seems to do well wherever bicolg 
is suitable. q 
The shrub lespedezas, particularh 
bicolor, have earned a place in farm 
game restoration. The seeds are takeg 
readily by bobwhites, the bark ay 
leaves are eaten extensively by rabbits, 
and the flowers are attractive to hone 
bees. These shrubs may be planted 
along woodland borders to convert 
strips of waste land to use; and they 
probably are desirable for cover ang 
food strips, such as hedges through 
large fields and food strips in ope 
woodland of the coastal plains. Shruj 
lespedezas are particularly promising 
because they (1) can be established by 
direct seeding or by setting out one 
year plants; (2) will live many yearg 
without reestablishment; (3) can with 
stand burning, disking, cutting, or us¢ 
by rabbits in winter; and (4) are at 
tractive in appearance, especially d 
ing August and September with masses 
of purple flowers. These growth char- 
acteristics are important for practical) 
farming, as any of the three species pro- 
vides adequate soil protection for sites 
on which they are recommended. | 
The crops of 40 bobwhites, taken 
from November to March, contained 
56.9 per cent of shrub lespedeza seeds 
and 37 of the birds had eaten them 
(Davison, 1943). The seeds are not very 
hard, as evidenced by rapid digestion in’ 
the gizzard, and are evidently preferred 
over the usual favorites—annual lespe- 





char-§ 


ctical® 
S pro- | 
sites | 


taken § 
ained : 
seeds | 
them § 
, very 
ion in¥ 
ferred 9 
lespe- 

















JouRNAL OF WILDLIFE MANAGEMENT, VOL. 9, No. 1, JANUARY 1945 PLATE 1 


Above. Bicolor and sericea lespedezas, in parallel strips on a field border; attractive and useful 
to game birds, particularly bobwhites. Seeds of the tall-growing bicolor are a preferred food; 
the lower sericea provides birds with cover and acts as a buffer between shrubs and field crops. 
Below. Four rows of bicolor lespedeza with hedge-like appearance, as planted through open 
woodland. Each strip (300-400 feet long, 0.1-0.12 acre) produces 40 or 50 pounds of high} 
protein seeds for quail and plenty of green bark for rabbits, (Photos by Soil Conservation 
Service), 
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dezas, cowpeas, partridge peas, and 
acorns—also usually available nearby. 
These records were substantiated by 
studies in Alabama (Pearson, 1943), 
and by numerous unpublished observa- 
tions in other states. H. L. Stoddard 
(letter to the author) states that “quail 
use the seed (bicolor) heavily during the 
winter months” on his plantation in 
southern Georgia. Cooperative feeding 
tests by the Pennsylvania Game De- 
partment and the Soil Conservation 
Service indicated that, from palatabil- 
ity and nutritional evaluations, seeds 
of bicolor and cyrtobotrya are good for 
both quail and pheasants (Edminster 
and Langenback, 1944). 

Bobwhite populations seem much 
above average on the Soil Conservation 
Service nurseries at Sandy Level, Vir- 
ginia, and Rock Hill, South Carolina, 
where bicolor and cyrtobotrya have 
been grown most extensively. Hunting 
has been permitted every year, but the 
breeding stock has never been reduced 
to a low level. Coveys frequent the seed 
production patches and wildlife borders 
daily from autumn to early spring, and 
often are there at other seasons. A 
covey no older than two or three weeks 
was seen in bicolor plantings at Sandy 
Level on July 13, 1943. 

Doves apparently eat other foods in 
preference to seeds of shrub lespedezas 
in autumn and early winter, but obser- 
vations and crops collected at Rock 
Hill, South Carolina, in March indi- 
cated exceptional use of bicolor after 
January. Many of the birds were feed- 
ing in bicolor fields, and the 9 crops of 
10 doves contained more bicolor seed 
than all else; all of the birds were fat. 
Sparrows, juncos, and other small 
birds frequent plantings of bicolor, 


cyrtobotrya, and thunbergii lespedezas 
throughout the late summer, autumn, 
and winter, but food studies have not 
revealed seeds in the stomachs. W. W. 
Neeley at Chester, South Carolina re- 
ported seeing English sparrows take 
green immature seeds from the pods. 

A ground dove was flushed from its 
nest with two eggs placed in a bicolor 
plant on May 14, 1943, near Tallahas- 
see, Florida, and several nests of small 
birds have been seen in bicolor plants. 

Deer are reported, by Chief Warden 
A. A. Richardson of South Carolina to 
have used bicolor areas during the first 
year after patches were established 
with one-year seedlings on the Belmont 
Game Preserve in Hampton County. 

Bicolor appears to be especially use- 
ful as a winter food for rabbits. 


PLANTING AND HARVESTING 


The Soil Conservation Service has 
tested these plants carefully and rather 
extensively since 1934, when a few 
pounds of bicolor and cyrtobotrya seeds 
were obtained from the Bureau of Plant 
Industry. Because of the high survival, 
rapid growth, and ease of producing 
plants, a demand resulted for three or 
four million plants annually to be used 
in the stabilization of gullies. By 1937 it 
appeared feasible to produce shrub lespe- 
dezas by direct seeding, thereby avoid- 
ing the greater labor and expense of 
growing the seedlings in nurseries, ship- 
ping them to the field, and planting by 
hand on the desired sites. Adequate 
proof of successful seeding was had by 
October 1940, and seed production 
blocks, totaling more than 400 acres, 
were established in seven southeastern 
states during 1941 and 1942. 

The harvest in 1942 yielded 16,500 
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pounds of seed and that of 1943 was 
over 20,000 pounds, but failed to satisfy 
the demand which was increased further 
since publication of the knowledge that 
bobwhites accept seed of shrub lespe- 
deza as a preferred food. 

Some plants begin to blossom in May 
to July, but the main blooming is in 
August and early September. The set 
of seed generally is not discernible until 
after September 15. Cyrtobotrya is 
usually ripe enough to harvest by Oc- 
tober 15, and bicolor ripens seed soon 
after that date. Yields of 200 pounds per 
acre of seed in the pod may be expected 
generally and 600 pounds per acre was 
harvested at Rock Hill, South Carolina, 
and Paducah, Kentucky. There is con- 
siderable variation in the ripening dates 
of individual plants, but harvesting 
should proceed when a majority of them 
show color on the seed coat, since delay 
of a few days often results in loss of half 
or three-fourths of the crop. 

The seed usually is harvested by 
hand; combines have been used success- 
fully but the woody stems are heavy. 
The seed heads may be broken or cut, 
allowed to dry 2 or 3 days, and then 
threshed in a combine or thresher. The 
cost of harvesting is usually 6 to 15 
cents per pound, depending largely on 
the yield of seed saved since it requires 
one man about three days to harvest an 
acre. 

Seeding may be done in rows or by 
broadcasting. In either case, a good seed 
bed, well firmed, should be prepared 
with sufficient fertilizer to provide 
moderate fertility. The best time to seed 
appears to be early spring, after frost, 
when there is adequate moisture in the 
soil. Growth often is disappointing dur- 
ing the first and second years after 








broadcasting, but this can be overcome 
by planting in rows and then cultivat. 
ing and fertilizing as with other row 
crops. Cultivation also assures survival 
through extended dry periods in which 
broadcast seedings often succumb. 

Either cleaned seed or seed in the pod 
may be sown, because the seeds of 
shrub lespedezas are not hard enough to 
require scarification. One hundred 
pounds of seed in the pod usually will 
clean down to about 60 pounds. For 
broadcast seeding, 20 pounds per acre 
of seed in the pod is sufficient, but 5 or6 
pounds is ample for seeding an acre in 
30-inch rows. Clean seed in half the 
above quantity will give adequate 
stands. 

The cost of setting out plants has 
been a great handicap in the use of 
shrubs for conservation purposes. Di- 
rect seeding of shrub lespedezas costs 
only $3.00 or $4.00 per acre as compared 
with $40.00 to $50.00 per acre when 
seedlings are used. Furthermore, better 
game cover and erosion control are ob- 
tained by direct seeding. Thick stands 
—50,000 or more plants per acre of bi- 
color, cyrtobotrya, or thunbergii—give 
almost perfect protection against pre- 
dators, prevent the encroachment of 
trees, and shade out grasses, leaving the 
seeds more easily available in the light 
mulch of leaves on the ground beneath. 
Seedling plants cost about $2.00 per 
thousand to produce and $2.00 or $3.00 
more to plant; 6X6 foot spacing re- 
quires 1,200 plants per acre but such 
wide spacing is unsatisfactory; 3X2 
foot spacing is fairly satisfactory but 
requires 7,000 plants per acre, and 2X2 
foot spacing needs 11,000 plants; even 
the last fails to produce cover as good 
as that obtained by direct seeding. 
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Farmers and game managers have 
shown more willingness to include 
shrubs in their land-use management 
since this simple, direct, and economical 
method of establishment has been dem- 
onstrated. 

Shrub lespedezas do not grow well on 
wet lands but are suitable for borders 
along woodlands, hedges through fields, 
strips bordering roadsides, through 
open forests, and in small patches. A 
10- or 15-foot width of sericea lespedeza 
is useful between shrubs and cultivated 
land to prevent widening of the border 
by seed reproduction. Shrub lespedezas 
do not sprout from broken roots and 
show no other signs of becoming pests 
on farm land. 


FURTHER STUDIES 


For the shrub lespedezas there is 
need to learn their value as food for 
deer, turkeys, and small birds, their 
carrying capacity for bobwhites, their 
value for honey bees, the range of soils 
to which they are adapted, and the 
strains that will produce better seed in 
greater quantities under various condi- 
tions at still lesser costs. 

The game and fish departments in 
Virginia, Mississippi, Louisiana, Arkan- 
sas, Florida, Alabama, Tennessee, 
North Carolina, South Carolina, Geor- 
gia, Pennsylvania, and Maryland (and 
possibly others) already have estab- 
lished plantings of bicolor on which ob- 
servations will be made concerning 
game. The wildlife research units at 
Blacksburg, Virginia, and Auburn, 
Alabama, also are working on certain 
phases of this problem. 

Strain selection is a promising means 
of increasing the value of shrub lespe- 
dezas, particularly bicolor. There is 
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wide variation among plants now in use 
as to height and shape, date of ripening 
seed, ability to hold seed after frost, 
and other factors that affect seed pro- 
duction and harvest. The seeds on a 
single plant are remarkably uniform 
as to size, shape, color, and date of rip- 
ening. Bicolor seeds usually are mottled 
but vary in color from black to light 
green; in size they vary from about 50, 
000 to 120,000 per pound. In shape, the 
plants are low-spreading to tall-erect, 
and include various weeping types. 
Their root characteristics also appear to 
be variable, and probably affect both 
seed production and perseverance. 

Several selected strains of bicolor are 
being tested by the Soil Conservation 
Service, the primary objectives being to 
develop a strain with the following 
cl aracteristics: (1) uniform ripening in 
early October; (2) ability to hold seed 
well past maturity; (3) moderate height 
of plant; (4) larger than average seed; 
and (5) heavy seeding habits. A few 
such plants have been found among the 
millions now growing in seed producing 
areas. 

Large showy flowers would enhance 
the value of a superior strain, for’ a 
pleasing appearance is not to be over- 
looked in woods borders and hedges 
about farms and preserves. Beauty, and 
the possible need for wind buffers in 
sandy coastal areas, lend interest to the 
slightly taller species (L. thunbergit). 
The latter produces a good crop of large, 
flattened purplish-black seeds, distinct- 
ly contrasted with the more rounded, 
green-and-brown mottled seeds of bi- 
color and cyrtobotrya. Several select- 
ions have been made, including white- 
flowered strains. No selection has been 
made from cyrtobotrya as no plants 


8 JOURNAL OF WILDLIFE MANAGEMENT, VoL. 9, No. 1, JANUARY, 1945 





have been found that hold seed into the 
winter. This species produces excellent 
seed of large size and in good quantity, 
but exhibits considerable variation. 

The shrub lespedezas (bicolor, cyr- 
tobotrya and thunbergii) have some value 
for honey bees. Pellett (1943) reported 
that cyrtobotrya was the best, and that 
considerable quantities of surplus honey 
were obtained along woodland borders 
from bicolor in Japan and Siberia. J. 
M. Robinson and A. M. Pearson of 
Auburn, Alabama, report no surplus 
honey from bicolor in 1943 when grown 
near partridge peas (Chamaecrista fasci- 
culata) which seem to be preferred by 
the bees. David Dunavan of Clemson, 
South Carolina, finds that bees using 
shrub lespedezas produce active brood 
during blooming time. 


SUMMARY 


Three types of lespedezas—annuals, 
herbaceous perennials, and shrubs—are 
useful in wildlife conservation, but only 
five or six of 150 species have proved 
adaptable to American use. 

Both annual species (Lespedeza stri- 
ata and L. stipulacea) are valuable as 
food for bobwhites, and may be grown 
extensively on croplands and pastures. 

Of several perennial herbaceous spe- 
cies only sericea (L. cuneata) has been 
found useful. It is a poor food, but pro- 
vides ground cover for bobwhites and 
rabbits, being particularly adaptable to 
the herbaceous parts of wildlife borders, 
between croplands and woodlands. The 
native species have not proved to be 
important for either game or land man- 
agement. 

Of shrubby species, bicolor (L. bi- 
color) and a few others provide ex- 
cellent food and fair shelter for bob- 





whites, rabbits, and possibly dee, 
These woody species are suitable fo 
woodland borders, hedges, and fooq 
patches or strips, where an autumn rip- 
ening legume is needed. Establishment 
by direct seeding is successful and pro. 
vides an economical method of growing 
these shrubs on wildlife land. Improved 
strains are being developed and further 
studies of usefulness to wildlife and bees 
are being made. 

All three types of lespedeza are ap. 
parently needed to make the best hay. 
ens for game on farm lands and pre. 
serves. The annuals should be grown as 
a part of crop rotations, and both seri- 
cea and shrub lespedezas should be 
established on lands primarily of use 
for wildlife—parcels of land not used 
for cropland, pasture, or woodland. 
These practices are economically sound 
and are acceptable to farmers because 
of permanency, beauty, and multiple 
use. 
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FLUCTUATIONS IN WILD BROWN TROUT POPULATIONS 
IN CONVICT CREEK, CALIFORNIA!’ 


Paul R. Needham, James W. Moffett, and Daniel W. Slater 
U. 8S. Fish and Wildlife Service, Stanford University, California 


During experiments on the survival 
of hatchery-reared trout (Needham and 
Slater, 1944), periodic studies also were 
made of wild populations of brown trout 
(Salmo trutta) in two closely adjacent 
sections in Convict Creek. Each of these 
consisted of five pools in the main 
stream that were sampled at regular 
intervals. One sampling section was 
open to fishing and approximately one- 
half mile downstream from the other 
section which was closed to fishing and 
fully protected from angling pressure. 

Populations so determined are only 


1 Dr. H. John Rayner, Reed S. Nielson, 
F. H. Sumner, F. K. Cramer, W. Douglas 
Mottley, and W. H. Davenport aided in the 
collection of field data. Thanks are also due 
to the Rainbow Club of Bishop, California, 
the U. S. Forest Service, and the California 
Division of Fish and Game. 


as representative as the area sampled. 
It seems logical to assume that the 
fluctuations from year to year would be 
fairly represented inasmuch as the same 
sections of stream were sampled an- 
nually. Further, no hatchery trout have 
been planted in adjacent parts of Con- 
vict Creek since 1936. Therefore, the 
populations removed from the main 
creek are assumed to be of wild or 
natural origin. 


AREAS SAMPLED 


The two sections were not identical 
except as to number of pools. The up- 
per closed section averaged 12 feet in 
width and 126 feet in length, and had 
considerably more shelter, of willows, 
aspen, grasses, and other typical stream- 
side vegetation. It was inside the ex- 
perimental area fenced in 1936 to ex- 
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clude cattle and sheep. As a result, the 
bordering vegetation had recovered and 
become most verdant when sampling 
was started in 1939. The banks had be- 
come stabilized by the elimination of 
livestock, and there were no hoof-cut 
eroding banks, barren of vegetation, 
such as characterize grazed areas out- 
side the fence. In fact, the fencing of 
3,000 feet of the main Convict Creek 
furnished a beautiful demonstration of 
the advantages of eliminating grazing in 
terms of shelter, food, and general 
aesthetic values. This section was closed 
to angling in 1936. 

The section open to angling averaged 
10 feet in width and, depending upon 
changes by floods and erosion, varied 
from 225 to 350 feet in length. Except 
for scattered, well-browsed clumps of 
willows beside each of the five pools, it 
had far less shelter or shade than the 
closed section. The banks were badly 
broken down by cattle which grazed 
the stream side extensively. This sec- 
tion was fished intensively, being near 
a main highway and easy of access. 

There is no specific means to segre- 
gate the effects of these different en- 
vironments when comparing the two 
sections in terms of trout populations. 
This factor is eliminated, however, 
when the trout population of each sec- 
tion is compared from season to season 
or from year to year. 

The experimental plantings of hatch- 
ery-reared trout reported by Needham 
and Slater (1944) were made in con- 
trolled side-channels and not in the 
main stream. Some data from samples 
taken in the section open to angling 
were presented in the earlier paper by 
Needham and Slater (op. czt.) in support 
of statements (p. 32) bearing on the 


heavy over-winter loss of naturally prop- 
agated brown trout. The present paper 
embodies all data from both the closed 
and open sections. 


METHODS 


Earlier studies of trout populations 
by Embody (1929), Greeley and Bishop 
(1933), Moore, et al. (1934), Trippensee 
(1937), Shetter and Hazzard (1939), and 
Hoover (1939), were based on field 
counts made either by diverting the 
water and seining or by seining without 
diversion. Leonard (1939) and D. R. 
Embody (1940) have reported on use of 
derris powder and cresol, respectively, 
as fish poisons to aid in population 
studies, and Schuck (1943) used the 
electrical shocking method of Haskell 
and Zilliox (1941). Shetter and Leonard 
(1943) used diversion of the stream 
combined with blocking, seining, and 
poisoning with rotenone. 

Our sampling was accomplished by 
diverting the water into side channels 
and pumping the pools dry (see Need- 
ham and Rayner, 1939). Pools in the 
closed section were sampled only once 
each year, between September 19 and 
October 1. Those in the open section 
were sampled twice a year: in late April 
(before the start of the fishing season on 
May 1), and again on August 30 and 31 
(one month before the season closed). 

All fish collected were placed in live 
cars, measured as to total length, and 
returned alive to the stream after its 
normal flow had been restored. Every 
attempt was made to avoid handling 
the trout more than necessary. No 
weights were taken at the time of col- 
lection. These were assigned later to 
each fish from average coefficients of 
condition determined for a series of 
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2,074 fish actually weighed from 1936 
to 1943. Because of the war, sampling 
was to have ceased on April 30, 1943; 
in assembling the data, however, there 
was need for scale studies to check the 
validity of length frequency distribu- 
tions aS indicators of age groups and 
brood years. Some actual weights were 
needed to check on calculated weights. 
The open section therefore was sampled 
in the usual manner on April 30, 1944, 
when all fish were weighed and meas- 
ured and scale samples were taken. 

To calculate the numbers or pounds 
of fish per linear mile or acre of stream, 
it was necessary to reduce the sampling 
areas to comparable bases. This was 
done by determining the fractional part 
of an acre or mile of 10-foot stream cov- 
ered by the actual sampling area, and 
then using factors to compute the gross 
weight or numbers of fish per unit area. 

Brown trout (Salmo trutia) predom- 
inated in all samples. Only 20 rainbow 
trout (Salmo gairdneriz) and one eastern 
brook trout (Salvelinus fontinalis) were 
collected during the study and were 
combined with the brown trout in all 
calculations. No other species of fish oc- 
cur in the section of Convict Creek un- 
der consideration. 


SOURCES OF ERROR 


1. Migration from sampling areas. 
From operation of a two-way fish trap 
in 1940 and 1941, Needham and Cramer 
(1943) demonstrated a strong down- 
stream movement of brown trout in 
Convict Creek, which reaches a peak 
about the middle of May. The distance 
the fish moved is unknown, but is thought 
to be short (less than two miles) from 
returns of a few fish tagged through the 
trap. Migration into the sections sam- 
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pled may well counter-balance emigra- 
tion from them. Since trap operations 
extended only from April 13 to Novem- 
ber 22 in any one year, nothing was 
learned about movements in winter, 
but general observations indicated little 
if any movement in that season. Spawn- 
ing runs upstream in late fall were 
negligible. 

2. Sampling method. Diversion of the 
stream flow and pumping the pools dry 
may account in part for the steady de- 
cline in the number and weight of fish 
found, but it is more likely that the de- 
cline is cyclic in nature and not a result 
of the method. As for accuracy, this 
method is thought to be more exact 
than any other, especially for the col- 
lection of small fingerling trout. 

3. Estimation of weights from coeffi- 
cients of condition. One check on the 
accuracy of determining weights in this 
manner was obtained by weighing all 
of the fish in one sample and comparing 
the actual and calculated totals. This 
was done in the open area on April 30, 
1944. The 138 fish taken weighed 1,773 
grams, and the total weight calculated 
from the coefficients of condition was 
1,800 grams—a difference of 27 grams. 
Recalculations in terms of pounds per 
acre or per mile would magnify the error 
correspondingly, but it is felt that dif- 
ferences in the total weight of fish pres- 
ent as great as shown in Table 7 would 
be little affected by inaccuracies arising 
from the method used. 

4. Age determinations from length- 
frequency distributions. Scale samples 
from fish taken on April 30, 1944, gave 
opportunity to check ages both ways. 
The ages, as determined from the scales, 
demonstrated a length range very simi- 
lar to that from length-frequency dis- 
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tributions. There was no overlap what- 
ever between the first and second year 
groups as determined by length-fre- 
quencies. All 59 to 99 millimeters long 
were one year fish, representing the 
1943 brood. Between the second and 
third year groups the overlap involved 
only one fish. Therefore, any errors 
from this source are believed to be low. 


NuMBERs OF TROUT 


The numbers of trout collected in 
both sections during August of 1939 to 
TABLE 1.—CALCULATED AND ACTUAL 


NUMBERS OF BROWN TROUT PER MILE IN 
Convict CREEK DURING AUGUST.® 


(Actual numbers collected in parentheses) 




















Fish of Year 
r. Under Over 
Year 4inches® 4 inches °tals 
CLOSED SECTION 
1939 1,815 4,014 5,829 
(52) (115) (167) 
1940 3,806 2,618 6,424 
(109) (75) (184) 
1941 2,585 2,304 4,889 
(74) (66) (140) 
1942 2,201 2,409 4,610 
(63) (69) (132) 
Averages 2 ,602 2 ,836 5,438 
OPEN SECTION 
1939 1,714 1,994 3,708 
(73) (85) (158) 
1940 4,905 750 5,655 
(209) (32) (241) 
1941 3,241 479 3,720 
(237) (35) (272) 
1942 1,735 452 2,187 
(115) (30) (145) 
Averages 2,899 919 3,818 





* Based on samples taken between Sept. 
19 and Oct. 1, in the closed section and 
August 30 or 31 in the section open to fishing. 

> Total length from tip of snout to center 
of fork of tail. 





1942 are summarized in Table 1. These 
data reveal precisely parallel trends jp 
the populations from year to year jp 
fish both under and over four inches, 
The principal difference is a markedly 
smaller number of fish over four inches 
in length in the open section, where 
this group averaged only 919 per mile of 
stream as compared to 2,836 (1,917 
more per mile) in the closed section. To 
put it another way, there were 3.1 times 
more catchable fish in the closed section 
as compared to the open section. The 
difference is even more spectacular 
when compared on a poundage basis, 
as done below. The length-frequency 
distributions (Fig. 1; Tables 2 and 3) 
show clearly that the principal differ. 
ence between the populations of the two 
sections is the relative scarcity of larger 
sized fish in the open section. 

The reduced numbers of fish over 
four inches in length in the open section 
presumably represents the effect of 
fishing, although differences in eco- 
logical conditions may have been partly 
responsible. It appears, however, that 
the population in the open section is 
constantly held at a low level by the 
heavy fishing pressure. The numbers of 
fish over four inches declined in both 
sections over the four-year period, but 
the difference between the total num- 
bers of fish in both sections remained 
fairly constant. Emigration might have 
taken place from both; population pres- 
sure might have initiated movement of 
fish out of the closed section, and an- 
gling undoubtedly was a major factor 
in the open section. 

Over the four years, the total popu- 
lation in the closed section averaged 
5,438 fish per mile, and 3,818 (30% 
less) in the open section. 
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TapLE 2.—LENGTH-FREQUENCY DISTRIBUTION OF CaLcULATED NuMBER oF TROUT PER 
MILE oF Convict CREEK IN SECTION OPEN TO FISHING. 


(Sampling area averaged 10 feet in width) 




















Length August April August April August April August April April 
in mm. 1939 1940 1940 1941 1941 1942 1942 1943 1944 
30- 39 — — _ — _— — — — — 
40- 49 — _ 47 — 96 _ 15 —_ a 
50- 59 94 —_ 704 —_ 273 _— 15 — 13 
60- 69 681 -- 2,042 55 1,518 68 634 —_ 140 
70- 79 587 188 1,948 342 1,258 192 965 96 458 
80- 89 235 587 164 164 96 369 91 438 458 
90- 99 117 399 — 123 —_— 205 15 520 216 
100-109 188 211 23 55 27 14 30 273 — 
110-119 540 47 211 13 82 14 166 27 63 
120-129 375 24 282 14 137 41 136 41 76 
130-139 282 70 117 13 82 — 60 41 140 
140-149 141 23 71 14 96 55 30 82 63 
150-159 188 23 _ 13 —_— 55 15 55 51 
160-169 70 —_ 23 14 27 14 —_ 27 25 
170-179 94 — 23 —_ —_— —_— — — 26 
180-189 47 47 — 14 — 27 — 14 13 
190-199 _— — _ — 14 —_ “= 14 _ 
200-209 23 — — — — — — — 13 
210-219 23 — — — — 13 —_— — —_ 
220-229 23 — — —_ — — 15 —_ —_ 
370-379 — — -- — 14 13 —_— _— _ 
Totals 3,708 1,619 5,655 834 3,720 1,080 2,187 1,628 1,755 





Shetter and Hazzard (1939), in popu- 
lation studies on Michigan streams re- 
ported that the most productive stream 
sections were those having deeper 
water. They state (p. 301): “An aver- 
age stream depth of 14 inches or more 
was the only habitat characteristic that 
would be correlated definitely with a 
greater than average population of trout 
and other fish.” Shetter and Leonard 
(1943), from studies in Hunt Creek, 
Michigan, found that the better deeper 
pools produced more legal-sized and 
sublegal eastern brook trout. Schuck 
(1943) also mentions the fact that dif- 
ferences in populations may be associ- 
ated with differences in total area or 
volume of water. 

In our own studies, the largest and 
best trout collected in the open section 
were from one of the smaller and shal- 


lower pools which, however, offered the 
best shelter. In ail pools the depth 
ranged from 17 to 26 inches. This par- 
ticular pool was 19 inches deep but was 
practically impossible to fish because of 
dead snags in the water and a dense 
growth of willows above. On August 30, 
1939, for example, only nine trout were 
taken from this pool, but six of them 
were over six inches in length. In con- 
trast, 55 trout were removed from the 
pool just above, but only two were over 
six inches. Obviously, the shelter in the 
former pool prevented anglers from 
fishing it out as had certainly been done 
in the other, more accessible pools. This 
observation indicates the importance of 
adequate “escape” shelter to protect 
brood fish in streams where major reli- 
ance is placed on natural propagation. 
In streams in which large, legal-sized 
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TABLE 3.—LENGTH-FREQUENCY DISTRI- 
BUTION OF CALCULATED NUMBER OF TROUT 
PER MILE oF Convict CREEK IN SECTION 
CLOSED TO FISHING.® 








Length Sept. 19, Sept. 20, Oct. 1, Sept. 26, 
in mm. 1939 1940 1941 1942 


40-49 i 35 70 35 
50-59 314 384 104 70 
60-69 698 838 419 769 
70-79 663 2,060 1,083 1,118 
80-89 140 489 769 209 
90-99 — — 140 — 
100-109 140 105 35 35 
110-119 523 558 35 209 
120-129 663 419 349 523 
130-139 524 314 384 419 
140-149 105 70 349 349 
150-159 314 174 104 105 
160-169 489 140 209 
170-179 174 174 140 
180-189 314 ‘ 105 
190-199 209 140 
200-209 174 174 
210-219 70 35 
220-229 35 70 
230-239 105 70 
240-249 35 ‘ — 
250-259 35 70 
260-269 a — 
270-279 a — 
280-289 — 35 
290-299 — — 
300-309 35 — 
310-319 _ : — 
320-329 35 — 


35 — 
4,889 





390-399 





Totals 5,829 6,424 4,610 





a Actual width 12 feet, but numbers calcu- 
lated to average of 10 feet for comparison 
with Table 2. 


trout are planted, however, such shelter 
might be considered a detriment be- 
cause it would tend to prevent their 
capture and thus obviate the purpose 
for which large trout are planted. 


NATURAL REPRODUCTION 


The annual removals clearly indicate 
the tremendous reproductive potential 
of wild brown trout in Convict Creek 
(Table 1). Fish of the year averaged 
2,750 per mile in both sections. In the 
open section the numbers varied from a 


high of 4,905 in 1940 to a low of 1,714 
in 1939 (Table 4). There were exactly 
parallel variations in the closed section 
from a high of 3,806 in 1940 to a low of 
1,815 in 1939. 

The brood year of 1940 was evidently 
highly successful because the numbers 
of incoming young in that year for both 
sections averaged 4,355 per mile of 
stream. Similarly 1941 was also fairly 
successful when young of the year aver. 
aged 2,913 per mile in both sections, Ip 
contrast, 1939 and 1942 were apparently 
much less productive, since young of the 
year averaged only 1,866 per mile in 
both sections in each of these years, or 
884 less than the mean for all four years, 

Spawning conditions are excellent in 
Convict Creek; rifles are numerous and 
in late October or early November 
many fish can be observed spawning on 
them. The eggs are incubated in the 
gravel through the winter and hatching 
usually occurs early in April, depending 
on the water temperature. In fact, dur- 
ing sampling operations at the end 
of April each year, many naturally- 
spawned brown trout fry were collected 
emerging from the gravel. On April 29, 
1940, for instance, 17 of them averaged 
almost exactly one inch in total length 
and the yolk sacs were still incompletely 
absorbed. It was impossible to count 
them accurately in April because as 
water levels fell, they lodged in crevices 
among the bottom gravel and were 
difficult to find. In the August sam- 
plings they had grown sufficiently to be 
collected easily and, as shown above, 
constituted the dominant age class pres- 
ent. It must be remembered that the 
fish of the year collected each August 
represent survivals up to about ten 
months from the time the eggs were laid. 
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OVER-WINTER LOSSES OF 
First-YEAR FisH 


The numbers of trout in each brood 
year? diminished in varying degree 
through the first winter after hatch- 
ing (Fig. 1). The most serious physical 
factor observed to cause heavy winter 
losses is the collapse of extensive over- 
hanging snow banks, since trout trapped 
beneath these banks eventually suffo- 
eate. Several hundred were found dead 
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cent being recovered in April. The 
broods of 1940 and 1941 changed ma- 
terially, despite the fact that fingerlings 
of the year were especially numerous in 
August of both years. Only 15 per cent 
of the 1940 group and 26 per cent of 
the 1941 group were found after their 
first winter. Changes in the brood years 
1939 through 1941 in the closed section 
indicate similar survivals over the same 
winters although they are more difficult 


TABLE 4.—FLUCTUATIONS IN NUMBER OF NATURALLY-SPAWNED FINGERLINGS IN CONVICT 
CREEK PER MILE, IN SECTION OPEN TO ANGLING.* 














Brood Year 
Averages 
1939 1940 1941 1942 

Original number, August 1,714 4,905 3,241 1,735 2,900 
Present 8 months later, April 1 ,432 739 848 1,395 1,103 
Percentage change, August to April 

Survival 84 15 26 80 38 

Mortality 16 85 74 20 62 
Present in August, one year later 704 424 407 _— 512 
Percentage change, April to August 

Survival 49 57 48 — §1 

Mortality 51 43 52 — 49 
Percentage change, after one year 

Survival 41 9 12 — 15 

Mortality 59 91 8&8 —_— 85 





* Includes only fish in ‘‘O” age group, easily separated from older fish by the length- 
frequency distributions, and by known growth increments over each of the winters covered. 


beneath such a snow mass in the spring 
runs below a nearby hatchery (Need- 
ham and Slater, 1944) and smaller 
losses are common. 

In the open section, 84 per cent of 
the fish counted in August 1939 were 
recovered the following April (Table 4). 
The 1942 brood passed its first winter 
(1942-43) in a similar manner, 80 per 


2 Year of hatching. The eggs that produced 
the young of any given brood year were 
spawned in October and November of the 
previous year. These are incubated over win- 
ter in the stream, and are found as yolk-sac 
fry in late April. 


to trace since sampling times were a 
year apart. 

These population changes appear to 
be an effect of the relative severity of 
winter. The winter of 1939-40 was 
somewhat mild and wet, with the mean 
air temperature from October through 
April 1.11°F. above normal, and the 
mean precipitation 1.02 inches above 
normal. During the winter of 1942-43, 
air temperatures and precipitation were 
1.73°F. and 0.58 inch, respectively, 
above normal. In contrast, that of 
1940-41 was colder than normal by 
1.27°F. and wetter by 1.91 inches; that 
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Fig. 1. Length-frequency distribution (by 10 mm. groups) of numbers of trout per mile 
in Convict Creek, California, September, 1939—April, 1943; recalculated from actual numbers 
collected, as shown in Table 1. Abscissa, total length in millimeters; Ordinate, numbers of 


trout per mile. 
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of 1941-42 averaged 2.64°F. colder and 
0.56 inch wetter.’ 


* Weather observations from records of the 
U. S. Weather Bureau (California Section, 
Climatological Data, for the years 1939-1943) 
for the Gem Lake Station 20 miles northwest 
and 2,000 feet higher in elevation than Convict 
Creek. Normal temperatures and precipitation 
are based on records for 14 to 18 years. 
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Needham and Slater (1944) suggested 
that winter conditions profoundly infiu- 
ence the survival of trout, and the 
above data seem to strengthen their 
suggestion. With only four winters, the 
observations are too few to permit of 
statistical analysis as to correlations be- 
tween air temperatures, precipitation, 








18 JOURNAL OF WILDLIFE MANAGEMENT, VoL. 9, No. 1, January, 1945 


and over-winter survival of trout, but 
the evidence indicates some relation- 
ship. 

The presumed influence of weather on 
winter survival is supported by varia- 
tions in average length increments for 
the year groups of trout over their first 
winters (August through April). The 
1939 brood increased in average length 
by 19.0 mm. (71.4 to 90.4 mm.) and 
that of 1942 by 22.0 mm. (71.2-93.2 
mm.), whereas those of 1940 and 1941 
only 14.3 mm. (68-82.3 mm.) and 16.0 
mm. (68-84 mm.), respectively. 

Tests for significance between the 
mean lengths of fish in the various 
brood years after their first winter also 
support this assumption. Differences 
between the 1939 and 1942 broods are 
not significant; neither are those be- 
tween the broods of 1940 and 1941. But 
differences between the 1939 and 1940 
broods, the 1939 and 1941 broods, the 
1942 and 1940 broods, and the 1942 
and 1941 broods are highly significant. 
Part of these differences may result from 
competition as shown in the food-ratio 
studies (Needham and Slater, 1944). 
The broods of 1940 and 1941 were 
much larger than those of 1939 and 1942 
(Fig. 1), but the severe winter condi- 
tions are believed to exert the prime in- 
fluence on growth and survival. 

The mean over winter mortality in 
the open section for each incoming age 
class from 1939 through 1942 was 62 
per cent (Table 4). 


ANGLING MortTALITY 


Information on the “‘take”’ of fisher- 
men can be obtained by comparing the 
April and August samples from the open 
section (Fig. 1; Table 4). Between these 





two months, for fish of the brood years 
1939, 1940, and 1941, there was an aver. 
age decrease of 495 fish per mile or 49 
per cent of those present in April. These 
fish averaged 82.3 to 93.2 mm. (3.2 to 
3.6 inches) in total length on May 1 
when the angling season opened and 
thus were of a size less subject to preda- 
tion. Growth was increasingly rapid 
from April to August and many reached 
a size acceptable to anglers as the season 
advanced 

Of the 1939 brood, 1,432 were 
counted in April but in August only 704 
(49%) remained. Of the 1940 brood, 
the counts were 739 in April and 424 
(57%) in August. Of the 1941 brood, 
there were 848 in April and 407 (48%) 
in August (Table 4). 

Fish six inches and over in length 
averaged 77 per mile in April and 43 in 
August, a decrease of 34 (44%) from 
1940 through 1942, inclusive. In 1941 
the number actually increased between 
April and August from 41 to 55 per 
mile, while the reverse was true in 1942 
and 1940. In 1942, the April to August 
decline was from 122 to 30 (75%) but 
less in the latter year, at 70 to 46 per 
mile. 

Angling pressure is the major factor 
operating on the fish between April and 
August. The anglers’ ‘‘take”’ was prob- 
ably close to the observed losses; some 
loss is to be expected from natural mor- 
tality, but this would be counter-bal- 
anced by additions to the creel from the 
stock of small fish, due to the absence 
of a size limit in California. Part of the 
“loss”? may have been the result of 
emigation, but this could have been 
counter-balanced by immigration into 
the sections sampled. 
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MortTALITY THROUGH THE FIRST 
YEAR 


Over the three years for which data 
are available, the combined reductions 
averaged 85 per cent from August to 
August for the 1939, 1940, and 1941 
year classes, hence, the average annual 
survival was only 15 per cent (Table 
4). The individual yearly survival for 
each year class was 41 per cent for 
1939, 9 per cent for 1940, and 12 per 
cent for 1941 (Table 4). 

As already noted, over-winter sur- 
vivals were low for the year-classes of 
1940 and 1941, and the additional mor- 
talities taken from April to August by 
these classes amounted to only 6 and 
14 per cent, respectively. In contrast, 
the brood of 1939 survived nicely over 
the winter with only 16 per cent mortal- 
ity, but from April to August 1940 ex- 
perienced an additional mortality of 51 
per cent. In terms of fish available to 
anglers, the 1939 brood, by reason of 
its higher survival over winter and 
greater ‘‘angling” mortality, must have 
contributed more fish to anglers on Con- 
vict Creek than did the broods of 1940 
and 1941, which started with peak num- 
bers but were decimated by environ- 
mental factors. 


OverR-WINTER Loss oF OLDER FIsH 


The larger fish* sustained greater 
over-winter reductions than those of 
smaller size (Table 5). In August 1939, 
1,994 fish were counted but only 187 the 
following April, a reduction of over 90 
per cent. In contrast, over the winter 


‘ Scale studies indicate that fish of the year 
are seldom over 100 millimeters (roughly 4 
inches) in August; many 4 inches and over 
are taken by anglers. 
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of 1942-43, the numbers decreased only 
from 452 to 233 (about 48%). Over the 
four winters the average reduction 
was 79.6 per cent. 

Over-winter losses became progres- 
sively less from 1939 through 1943 
(Table 5), starting at about 90 per cent 
in 1939-40 and being near 48 per cent 
in 1942-43. 

Evidently there is differential mortal- 
ity between large and small trout, since 
from August to April those under four 
inches in length experienced an average 
reduction of 62 per cent and those over 

TaBLE 5.—OvER-WINTER CHANGES IN 
NuMBER OF Brown Trovt Four INCHES AND 


LONGER, PER MILE, IN FISHED SECTION OF 
Convict CREEK. 








Numbers Losses 





Season August April 
30 


Num- Percent- 
or31 or30 Pers = ages 





1939-40 1,994 187 1,807 90.6 








1940-41 750 95 655 87.3 
1941-42 479 232 247 61.6 
1942-43 452 233 219 48.4 

Means 19 187 ian 606796 





four inches about 80 per cent. Small 
fish, because of their size, would have a 
better chance to escape being smothered 
by falling snow banks and also their 
spacial and physiological requirements, 
being less than for bigger fish, might 
lead to greater survival. 


CoMBINED LOSSES 


If all of the trout are combined, re- 
gardless of size, the over-winter reduc- 
tions averaged 60 per cent (Table 6). 
Losses in individual winters varied 
from 26 per cent in 1942-43 to a maxi- 
mum of 85 per cent in 1940-41. The 
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winter of 1943-44 was moderate and 
sampling on April 30, 1944° yielded 

TABLE 6.—CALCULATED NUMBERS OF 
Brown TRoOvuT PER MILE IN A FISHED SEc- 


TION OF CoNvicT CREEK AND OVERWINTER 
LosskEs oF ALL, REGARDLESS OF SIZE. 


(Actual numbers taken in parentheses.) 








August April _108ses, all sizes 











Season = ad - - Num- Peesend, 
ers ages 
1939-40 3,708 1,619 2,089 56 
(158) (69) 
1940-41 5,655 834 4,821 86 
(241) (61) 
1941-42 3,720 1,080 2,640 71 
(272) (79) 
1942-43 2,187 1,628 559 26 
(145) (119) 
Mean 60 





more fish than any previous April 
sample, namely 138 fish or at a calcu- 
lated rate of 1,755 per mile of stream. 


WEIGHT oF TROUT 


Weight relationships between the two 
sampling areas in Convict Creek are 
summarized in Table 7. An important 
deduction from these data is that the 
pounds of trout in the closed section 
averaged 4.3 times that in the section 


‘’ Complete data for this sample are as fol- 
lows: Of the 138 fish taken, 101 (73.2%) were 
in age group I; 32 (23.2%) in II, and 5 
(3.6%) in III, as shown by scale analyses. 
There were 407 two-year fish remaining per 
mile of stream from the 1942 brood, repre- 
sented by 1,735 fish in August of that year. 
During the 12 years from August 1942 
through April 1944, 76 per cent of the original 
lot had disappeared; only 64 remained of the 
3,241 counted in the brood of 1941. In 23 
years between August 1941 and April 1944, 
98 per cent of the original brood disappeared. 
The broods of 1940 and 1939, 4,905 and 1,714 
respectively, in August of their first year (Ta- 
ble 4), were missing entirely from the sample 
in April 1944. 


open to angling. Environmental differ. 
ences may account for part of the differ. 
ence, but the removal of the larger fish 
by angling from the open section proba- 
bly is the main reason. Shetter and 
Leonard (1942) found similar but 
less divergent contrasts in fished por. 
tions of Hunt Creek, Michigan. The 
lack of reproduction, of new annual 
broods to replace losses, cannot be a 
factor since almost equal numbers of 
first year fish were present in both sec- 
tions. 

If the trout population in the un- 
fished portion of Convict Creek repre- 
sents a maximum, natural standing crop 
free from angling, then the carrying 
capacity of that stream is about 360 
pounds of trout per mile (297 lbs. per 
acre). The population in the fished por- 
tion of stream averaged only 83.3 
pounds per mile (68.7 lbs. per acre). The 


TABLE 7.—PouNDs OF TROUT IN FISHED AND 
UNFISHED SECTIONS OF CoNVICT CREEK.* 

















Fished Unfished 
August 30or31 Sept. 19-Oct. 1 
Year 

Per Per Per Per 

acre mile acre mile 
1939 120.7 146.4 433.7 525.7 
1940 63.3 76.8 278.2 337.2 
1941 58.2 70.5 262.9 318.7 
1942 33.7 39.6 214.3 259.8 
Averages 68.7 83.3 297.3 360.3 





* Lengths taken at time of collection; 
weights calculated from weight-length data 
in six years of work. 


open section, therefore, should be able to 
support at least an additional 277 
pounds of trout per mile without ex- 
ceeding its natural carrying capacity, 
assuming that the area closed to angling 
was not over populated in relation to 
the food supply. To provide this pound- 
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age from hatcheries would require the 
stocking of over 2,700 six-inch fish or 
2,100 seven-inch trout per mile of 
stream. 

There was a consistent and parallel 
reduction from year to year of the 
pounds of fish available in each section 
(Table 7). Losses in weight per mile in 
the fished section were consistently 
higher, but paralleled losses in the un- 
fished part. The annual sampling of 
these areas undoubtedly had some effect 
on the populations, and the fact that 
the fished section was sampled twice 
each year might account for the greater 
annual loss there. The most important 
and most puzzling characteristic of the 
downward trend was its consistency. 
Obviously, it could not continue in- 
definitely without complete eradication 
of the population. The sample of April, 
1944, gave some indication that the 
population was beginning to increase. 

Convict Creek is somewhat above the 
average in pounds and numbers of trout 
per acre or per mile (Table 7) as com- 
pared with populations studied in trout 
streams of the eastern states. Shetter 
and Leonard (1943) found 4,619 brook 
trout totalling 94.4 pounds per acre in 
Hunt Creek, Michigan, which stream 
compares favorably with Convict Creek 
in size. Hoover (1939) found 356 to 
2,600 eastern brook trout grossing 29.7 
to 78.6 pounds per acre in small wilder- 
ness streams of New Hampshire. Trip- 
pensee (1937) found populations rang- 
ing from zero to 21.91 pounds per acre 
in streams of the same state. In a series 
of fished New York streams, Greeley 
and Bishop (1933), Embody (1929), 
and Moore et al. (1934) found 293 to 
2,422 trout per acre. In sections of three 
Michigan streams, Shetter and Hazzard 
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(1939) obtained variously 60 fish weigh- 
ing 1.36 pounds, 2,036 fish weighing 
30.2 pounds, and 448 fish weighing 40.0 
pounds per acre. In Crystal Creek, the 
New York State experimental stream, 
Schuck (1943) recorded an average of 
415 fish per mile. 

In the fished section of Convict 
Creek, there are considerable differences 
between the poundage of fish per mile 
in April and in August. From August 
through April there is usually a loss in 
poundage; this was 76.7 per cent in 
1940-41 and 27.4 per cent in 1941-42, 
but such loss does not necessarily occur 
each year as there was a gain in gross 
weight of 24.5 per cent over the winter 
of 1942-43. Because of the growth of in- 
dividuals in each incoming year class, 
there is usually a gain in total pounds 
per mile over the summer period; this 
varied from 74.6 per cent in 1941 to 
46.2 per cent in 1940, but in the sum- 
mer of 1942 there was a loss of 29.3 per 
cent. 


S1zE Limits 


The fact that fish four inches and 
more in length suffer an over winter loss 
of approximately 80 per cent, offers 
specific argument against a size limit on 
trout in high mountain streams subject 
to severe winter conditions. If only 20 
per cent are to survive over the winter, 
anglers might get more out of any given 
year-class if they were permitted to take 
fish in their first year of life, regardless 
of size. The fish hatched in April of any 
year will average close to three inches 
in length by the end of August, and 
many will be nearly four inches long. 
Such trout can be caught easily, either 
on flies or on bait with small hooks. A 
minimum size limit of six or seven 
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inches for brown trout in Convict Creek 
would mean that anglers could start 
catching them only in their second year 
of life, when less than one-fifth as many 
would be available for capture. 

With a size limit, more pounds of fish 
will be caught and wholesale slaughter 
of young immature fish is prevented. 
But since the bulk will be lost anyhow 
by severe environmental conditions, 
greater numbers in the harvest possibly 
would produce more good for the aver- 
age licensee than fewer but heavier fish. 
It is well known that size limits are 
usually imposed to afford protection un- 
til the fish are of breeding age, but such 
restrictions usually fail of their purpose 
because they are inelastic in relation to 
environmental factors. 


CLOSURE OF STREAM SECTIONS 
To ANGLING 


The data presented above provide an 
apparently valid argument for the clos- 
ure of short sections of streams. The 
main purpose of the closure on Convict 
Creek was to eliminate the factor of 
angling in waters used for intensive ex- 
perimental purposes, but incidentally 
there has emerged evidence that con- 
siderable numbers of the larger and 
more mature “brood” fish would sur- 
vive to spawn should they inhabit such 
““closed”’ sections during the spawning 
season. First, however, the question to 
be answered is whether a sufficient 
spawning reserve is left each season to 
provide for future crops. 

In considering the differences in sur- 
vival of broods through their first year 
of life, it becomes evident that survival 
is not necessarily a function of the num- 
bers of young trout available. The 
broods of 1940 and 1941 were much 


larger than those of 1939 and 1942, yet 
the survivors were fewer. These results 
are more striking when it is remembered 
that the representatives of broods taken 
in August are the survivors of almost 
10 months from egg deposition or four 
months from hatching. The seeding 
necessary to produce the survivors 
counted each August is obtained by 
postulating a 16 per cent survival to 
that time.* Assuming a uniform survival 
percentage for all years, there should 
have been 10,733 eggs laid per mile of 
stream in 1939; 30,656 in 1940; 20,256 
in 1941; and 10,750 in 1942. On the 
basis of 1,000 eggs per female, a spawn- 
ing population of 30 females with ade- 
quate males could produce the largest 
number of eggs laid. The importance 
of a spawning reserve is somewhat min- 
imized by these examples. Quite likely 
there was not a uniform survival, and 
the seeding could have been entirely 
different from that assumed, yet natu- 
ral reproduction is sufficient to repopu- 
late a stream like Convict Creek each 
year despite heavy angling. Hence, 
closure of short sections of Convict Creek 
would not be justified. 

The matter of relative survival and 
the reasons therefore must be discussed, 
although the data are insufficient for 
any stable conclusion. Rather insig- 
nificant environmental factors, when 
changed slightly, will mean the differ- 
ence between strong and weak age- 
classes among the great populations of 
marine fishes. Sette (1943) attributes 
the numerical weakness of the 1932 age 
class of Atlantic mackerel to a change 


6 This percentage was obtained in studies 
of survival from natural spawning of eastern 
brook trout at Convict Creek over a similar 
period by Dr. O. R. Smith (1944 MS). 
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from the normal wind direction which 
produced unusual drifts and a dearth of 
suitable plankters during the early life 
of the pelagic hordes of mackerel lar- 
vyae. Elton (1942), who has perhaps 
studied population patterns more than 
any other worker, presents good evi- 
dence that disease may frequently play 
an important part. 

Dying and dead wild trout have been 
observed occasionally in Convict Creek, 
but the cause of such losses could not be 
determined. Migration also plays a 
part. No single environmental factor 
can be held to account either for the 
failure of the large broods of young 
trout in 1940 and 1941 or for the high 
survivals of the 1939 and 1942 broods. 
The weather conditions have been dis- 
cussed and evidently are correlated with 
survival of the young through their first 
year; but it is not certain that these sur- 
vivals were the direct result of the 
weather or the indirect effect of weather 
on the available food supply, water 
flow, or other environmental factor sub- 
ject to change with water fluctuations. 

To answer all such complex ques- 
tions, a thorough analysis of the micro- 
environment of the young trout would 
be necessary, together with closer ob- 
servation of the trout and their en- 
vironment throughout all periods of 
their lives. Only then would it be possi- 
ble to learn how crucial periods might 
be changed or circumvented and effec- 
tive management made possible. The 
answers will not be found in those strik- 
ing and catastrophic factors which obvi- 
ously affect any population, but in 
variations about the optimum of the 
commonplace and relatively constant 
factors. One of the latter alone might 
not vary enough to cause serious 
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change, but combined with the slight 
variance in other environmental factors 
and concentrated on a species during a 
crucial stage of its life history, the cu- 
mulative effect would decimate a local 
population or a certain annual brood. 
In contrast, other fortuitous combina- 
tions of these factors ranging about the 
optimum would accentuate the survival 
of a population or a year class. Once all 
of these are known, it might be possible 
to achieve such fortuitous combinations 
at will. 

If the losses demonstrated in the 
study reported above are typical, it is 
evident that few fingerlings survive to 
the creel. An over-winter loss of 60 per 
cent coupled with the fishing season loss 
(April—August) of roughly 50 per cent, 
reduces a stock markedly before the fish 
become of sufficient size to interest 
anglers. The over-wintering losses alone 
indicate one reason why creel-census re- 
turns from plantings of marked hatch- 
ery fish have been so low; this gives 
added support to the desirability of 
planting large fish in the hope that most 
or all of them will be caught by anglers 
during the same season in which they 
are planted. Any emigration from sam- 
pling areas, should be added to the ob- 
served summer loss when estimating 
the possible yield to the angler from 
natural reproduction. The actual yield 
to anglers is not indicated by these ob- 
servations but could be determined by 
an accurate creel census. 

In terms of numbers of trout, the 
figures presented and those of various 
other workers all point to the conclu- 
sion that natural propagation contrib- 
utes tremendous numbers of young. 
Shetter and Hazzard (1940) already 
have noted that native stocks must be 
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relied upon to produce the bulk of the 
fish caught by anglers. This viewpoint 
has supporting evidence from both creel 
censuses and population studies. If 
some means could be found to decrease 
or prevent the heavy over-winter mor- 
tality, less stocking of large fish from 
hatcheries would be necessary. From 
the facts at hand, fish managers might 
well seek practical means for improve- 
ment of spawning conditions and, in 
turn, higher survival of the young thus 
produced. 

As Elton says (1942: 206), ‘From all 
this [the story of vole research] we be- 
gin to see vole populations in dynamic 
terms: with numbers, rates of increase, 
life-curves, and movements interwoven 
into a pattern that ten or twenty 
years’ further work may enable us to 
understand completely. When we have 
understood this pattern, we shall have 
learned new principles that will apply 
to many other populations of animals.” 
The same may be said for trout. 


SUMMARY 


1. Periodic sampling of brown trout 
populations was carried on from 1939 
to 1944 in two sections of Convict 
Creek, California, one closed and the 
other open to fishing. Sampling was ac- 
complished by diversion of the water 
and pumping the pools dry. 

2. The two populations were parallel 
in general trends, apparently cyclic, and 
highly unstable as to both numbers and 
pounds of fish present at various times. 

3. Natural reproduction contributed 
an average of over 2,750 fish per rile of 
stream each year, varying from 4,905 
in 1940 to 1,714 in 1939. 

4. Variable survival conditions rather 








than the number of young produced in 
any season determine the number of 
fish that later reach a catchable size. 

5. Over-winter losses of all trout, re- 
gardless of size, averaged 60 per cent, 
and evidently were correlated with the 
severity of winter conditions. Fish four 
inches and less in length decreased 62 
per cent and larger trout about 80 per 
cent. 

6. Reduction in the weight of trout 
present usually paralleled the reduction 
in numbers over winter—August to 
April—but there usually is an increase 
in weight from April to August because 
of the growth of each incoming age class, 

7. During the years of the study the 
fish of each yearly brood decreased 
about 85 per cent in their first 18 
months of life. 

8. The fished section of Convict 
Creek averaged 3,818 trout per mile and 
68.7 pounds per acre, or 83.3 pounds per 
mile. The section closed to angling aver- 
aged 5,438 trout per mile and 297.1 
pounds per acre, or360.3 pounds permile. 

9. In the section open to fishing, the 
six-inch fish averaged 77 per mile in 
April and 43 in August, from 1940 
through 1942, an average decline of 44 
per cent; this probably represented 
angling mortality. 

10. If the population of the section 
closed to fishing is assumed to be a maxi- 
mum, natural standing crop, it would 
be necessary to plant 277 pounds of fish 
per mile to bring the stock in the open 
section up to that of the closed section. 
This would require around 2,700 six- 
inch fish, or 2,100 seven-inch fish per 
mile. Theoretically, at least, stocking as 
heavy as this should not be in excess of 
the numbers that could be supported by 
Convict Creek. 
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EFFECTS OF LEAD POISONING ON REPRODUCTION 
OF MALLARD DRAKES'! 


E. L. Cheatum and Dirck Benson 


State Conservation Department, Albany, New York 


Lead poisoning has long been recog- 
nized as an important disease among 
waterfowl and as a source of widespread 
mortality. To ameliorate the trouble, 
ammunition manufacturers have spent 
considerable sums to develop shot 
which will disintegrate rapidly and 
managers of shooting preserves and 
refuges have sought means to minimize 
the opportunity for ducks to pick up 
shot. 

Field and experimental work by Wet- 
more (1919) demonstrated the symp- 
toms and cause of this malady among 
wild ducks. In addition to showing it as 
a cause of direct mortality, he suggests 
its possible importance in producing 
sterility among many birds which, in 
other respects, appear to have recovered 
completely. Perhaps his conjecture was 
inspired by the work of Cole and Bach- 
huber (1914) who demonstrated that 
the offspring of male domestic rabbits 
and of domestic fowls poisoned by lead 
are distinctly lower in vitality than 
those from normal males. Weller (1915) 
studied the effects of chronic lead poi- 
soning on the germ cells of guinea pigs; 
he concluded that the effects could best 
be demonstrated in males, being mani- 
fested by occasional sterility without 
loss of sexual activity and by an in- 
creased number of deaths among the 
offspring during the first week of life. 


1 Contribution of Pittman-Robertson 


Wildlife Restoration Project 1-R, Bureau of 
Game, New York State Conservation De- 
partment. 
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After stopping the administration of 
lead, he found that the germ plasm ap- 
parently recovered. The fertility of 
females was not affected, but an ab- 
normally high number of stillbirths oec- 
curred and the offspring were under- 
weight at birth. Aub, et al. (1926) 
surveyed the subject of lead poisoning 
and contributed much on the absorp- 
tion and storage of lead compounds in 
various body tissues. These authors 
concluded that lead does not necessarily 
kill the germ cells but injures them so 
that the size and viability of embryos 
is diminished. Cottam (1939) in studies 
on the food of North American diving 
ducks, discussed lead poisoning and sug- 
gested that those ducks which do re- 
cover probably become sterile. Swanson 
(1941) studied the effect of lead on fer- 
tility in mallards and interpreted his re- 
sults as showing harmful effects on both 
egg production and egg fertility. 

In view of the unsettled state of this 
question, we undertook to test the ef- 
fects on game-farm mallard breeding 
stock. It was necessary first to deter- 
mine the sub-lethal dose of lead shot 
sufficient to produce symptoms of poi- 
soning and yet permit recovery, and 
then to test the fertility of poisoned 
birds in a manner to yield data suitable 
for statistical analysis. 

Preliminary experiments during 1939 
had indicated that mallard drakes could 
recover satisfactorily from the effects of 
one no. 4 chilled lead shot (0.2 gram) 
administered every three or four weeks. 
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Each dose invariably produced the 
green-stained droppings characteristic 
of lead poisoning within 24 to 48 hours. 
Persistence of this symptom varied be- 
tween individuals, apparently depend- 
ing on the length of time the pellet was 
retained. Loss of appetite usually was 
observed within three or four days and 
seemed to coincide in duration with the 
green droppings. Stimulation of appe- 
tite, as recorded by Wetmore (1919), 
was not observed. Accordingly, one 
no. 4 shot was used as the unit dose. 
The general plan was to mate a group 
of mallard drakes that had recovered 
from severe lead poisoning with normal, 
healthy females to discover differences 
between their breeding potency and 
that of a parallel series of unpoisoned 
drakes. A group of male mallard drakes 
was dosed with lead from late in the 
spring of 1941 through the following 
winter. These birds were then given op- 
portunity to mate with untreated fe- 
males during the 1942 breeding season. 
Control birds of both sexes were segre- 
gated at the beginning of the latter 
season. In addition to direct mortality, 
data were secured as to the effect on 
fertility, since the eggs of each group 
were segregated at the end of incuba- 
tion. 
The birds were average mallards 
available on New York State game 
farms. The males for treatment were 
five l-year, five 2-year, and three 3- 
year birds. The control males were all 2 
years of age in the spring of 1942. Of 
the 48 females used, 41 were 1-year old 
and others variously up to 6 years of age. 
Regular breeding stock is uncon- 
fined throughout the year. The drakes 
to be treated were placed in portable 
pens and held there until freezing 
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weather, then put indoors for the winter 
months and moved out again in early 
spring. 

The first dose of lead was admin- 
istered to all 13 males on May 21, 1941. 
To a small funnel a 6-inch piece of rub- 
ber tubing was attached and the latter 
was inserted about three inches down 
the esophagus; one No. 4 chilled lead 
shot then was dropped down the funnel 
and tube. A “chaser” of water was 
given, to induce swallowing and to in- 
sure ingestion. Six of these birds were 
each given a second shot on May 28 for 
data on poisoning at a different inten- 
sity, both as to immediate consequences 
and the effect on subsequent fertility. 
Additional doses were given on June 
25 and July 16, 1941, and on January 
14, 1942 to all survivors. During this 
phase of the experiment a supply of grit 
was always available to facilitate giz- 
zard action as nearly normal as possible. 

Of the seven drakes given only one 
lead pellet during May, one died from 
lead poisoning on July 30, 14 days after 
receiving the third dose. Two lead shot 
(presumably the second and third) were 
recovered from the gizzard; one was 
much reduced and the other only 
slightly eroded. Another male of this 
group apparently recovered but died 
on December 13; there were no symp- 
toms of lead poisoning and no shot in 
the alimentary tract, but autopsy re- 
vealed malnutrition and anemia. 

Of the birds that received two doses 
during May, one died from lead poison- 
ing 12 days after the second treatment. 
Both pellets were recovered from the 
gizzard, one having been reduced to a 
disc about half the original diameter. 
Another male died December 2 from 
causes other than lead poisoning. 
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Notes were made on the appearance 
and duration of such symptoms as 
general behavior, color of droppings, 
and pellets in the droppings. Our mea- 
ger data suggest that when birds ingest 
three or four no. 4 shot separately, at 
intervals over a period of two months, 
mortality by lead poisoning may ap- 
proximate 20 per cent. The two birds 
which succumbed in this experiment 
died within a fortnight after the lethal 
dose. 

Early in March 1942 the control 
drakes were trapped and held under the 


of eggs of indeterminate ancestry. From 
April 29 on, eggs were collected daily, 
marked for identification, and at the 
end of each week placed in a Buffalo- 
type incubator. Each was candled on 
the seventeenth day (all infertile or 
with dead germs were discarded) and 
again on the twenty-fourth day, when 
they were placed in pedigree bags ac- 
cording to their ancestry. Upon hatch- 
ing, the ducklings were toe-punched for 
identification. 

No effect on fertility could be as- 
cribed to lead poisoning on the basis of 


TABLE 1.—CoOMPARATIVE FERTILITY OF MALLARD EGGs WITH DRAKES RECOVERED FROM 
LEAD POISONING AND WITH GAME FARM DRAKES. 


Group Test Control Control less Game farm 
Pen No. 8 
Number of eggs Set Infertile Set Infertile Set Infertile Set Infertile 
Setting 
I 77 6 53 8 42 2 172 15 

II 68 3 73 11 62 ° 179 15 
III 38 5 35 5 29 3 179 10 
Totals 183 14 161 24 133 12 530 40 
Percentages Ye 14.9 9.0 7.6 


same conditions as the treated males 
until the beginning of the breeding 
season. On April 15, all of the birds were 
moved to breeding quarters in covered 
pens 12 X28 feet, along the margin of a 
small pond, each pen being half on land 
and half in the water. Eight test and 
eight control units were used, each of 
three females and one male (one surviv- 
ing treated male not used), the birds 
being distributed among the pens at 
random. 

Egg collection for experimental hatch- 
ing began on April 29. The females had 
been segregated on March 30, and 29 
days had elapsed since there had been 
opportunity for mating with other 
drakes. This interval was deemed ade- 
quate to guard against the production 





data from this experiment (Table 1). 
The fertility of eggs from poisoned 
drakes corresponded closely with that 
of regular game farm breeding stock. 
Paradoxically, the fertility of eggs from 
the control pens was significantly low. 
Control Pen No. 8 produced a dispro- 
portionately large number of infertile 
eggs although the drake, upon subse- 
quent autopsy, showed no discernible 
abnormality. Nevertheless, if the data 
from this pen be omitted, the fertility of 
the control group falls within the aver- 
age range. 

Faulty incubation unfortunately re- 
sulted in a poor hatch, but since both 
test and control groups were affected 
similarly the figures are still suitable for 
comparison. There was no significant 
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TaBLE 2.—CoMPARATIVE HATCHABILITY OF 
Ma.uarp Ecos. 





Setting Number of eggs 
gestGRrouP Set Dead germ Pipped 
I ve 44 8 
II 68 41 9 
III 38 22 3 
Totals 183 107° 20 
Percentages 68.6 10.9 
CONTROL GROUP 
I 53 29 9 
II 73 41 8 
III 35 24 2 
Totals 161 94 19 
Percentages 58 .3 11.8 


difference in hatchability between eggs 
sired by the drakes which had recovered 
from lead poisoning and those from the 
controls; likewise there was no indica- 
tion that the lead poisoning had in any 
way affected the hatchability of the 
eggs. Data taken at the time of the 
first candling and again at hatching 
show no tendency for the embryos to 
die earlier in one group than in the 
other (Table 2). 

All of the ducklings were reared to- 
gether. Survival data were kept through 


TABLE 3.—COMPARATIVE SURVIVAL OF 
MALLARD DUCKLINGS. 





Setting Number 
Hatched Survived 

TEST GROUP 

I 19 14 

II 15 7 

III 8 7 
Totals 42 28 
Percentage surviving 66.7 
CONTROL GROUP 

I Z 5 

IT 12 7 

III 4 4 
Totals 23 16 
Percentage surviving 69.6 
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the seventh week and all dead ducklings 
were autopsied (Table 3). No signifi- 
cant difference was indicated between 
the offspring of lead-poisoned drakes 
and those from the controls and there 
was no difference in mortality (up to 
seven weeks) between the two groups. 

These few data indicate that among 
the mallard drakes used, those which 
recovered from lead poisoning did not 
exhibit a significant loss of fertility. The 
experiment was incomplete in lacking 
similar work with females. Current ef- 
fects of lead poisoning during the breed- 
ing season on reproductive potential 
were not studied. In view of the obvious 
reduction in vitality of poisoned water- 
fowl during the periods of lead absorp- 
tion and of convalescence, it seems 
certain that breeding activity would be 
reduced to a minimum. On the other 
hand, the opportunity for wild ducks to 
pick up shot usually would be much less 
in spring than on the autumn feeding 
grounds. 
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SEX AND AGE RATIOS AMONG BOBWHITE QUAIL 
IN SOUTHERN MISSOURI 


A. Starker Leopold 


Missouri Conservation Commission, Jefferson City, Missouri 


This paper presents records on the 
sexes of 45,452 bobwhites (Colinus vir- 
ginianus) and the ages of 7,700 of these, 
with comments on the possible signifi- 
cance of the sex and age ratios. All of 
the birds were killed in Missouri during 
the legal shooting season, November 10 
through December 31. Weights of 166 
birds, by sex and age classes, also are 
presented. 


MATERIALS 


Howell County sample. From 1939 
through 1943 the sexes and ages of 1,633 
bobwhites bagged in Howell and ad- 
joining counties were recorded. Sex was 
determined by the characteristic di- 
morphism of the head plumage. Young 
of the year (“immatures”) were differ- 
entiated from adults by the presence of 
the juvenal greater upper primary cov- 
erts and two distal juvenal primaries 
(A. 8. Leopold, 1939). Determination of 
sex and age by these characteristics of 
the plumage probably is accurate with- 
in one per cent. 


The sample (Table 1) constituted the 
total bag of all hunting parties attended 
by the author, supplemented in 194]- 
43 by additional birds killed by seven 
other hunters; most of these birds were 
killed within 20 miles of West Plains, 
Howell County. The cooperating sports- 
men, selected for reliability and interest 
in the investigation, preserved sepa- 
rately the wings of cocks and hens. The 
age of each bird was determined later 
by the presence or absence of juvenal 
feathers in the wing. 

State-wide sample. In addition, state- 
wide samples of the sex composition of 
the bobwhite population, and smaller 
samples of the age composition, were 
obtained in 1942 and 1943 from hunter 
kill-records (Table 2). Cooperating 
sportsmen throughout the state submit- 
ted tallies of their daily bags to the 
Missouri Cooperative Wildlife Research 
Unit; these aggregated 20,179 and 
23,640 birds, respectively, in the two 
seasons. Cocks and hens were listed 
separately. These records furnish a 


TABLE 1.—Sex anp AGE CuassEs OF 1,633 BospwuHiTEs KILLED IN HOWELL AND ADJOINING 
CounTIEs, Missouri, 1939-43. 











Adult Immature Percentage 

Year Totals of 

Male Female Male Female tmmatures 
1939 16 10 58 64 148 82.4 
1940 28 17 62 57 164 72.6 
1941 70 49 200 205 524 77.8 
1942 67 43 198 178 486 77.8 
1943 53 26 116 116 311 74.6 
Totals 234 145 634 620 1,633 
Average percentages 14.8 8.9 38.8 38.0 76.8 


Sex ratio, 53.1% males: 46.9% females. 
Age ratio, 23.2% adults: 76.8% immatures. 
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TasLE 2.—Sex aND AGE Ratios IN 
E-WIDE SAMPLES OF BoBWHITE QUAIL 

















— in Missouri Durine 1942 anv 1943. 
Sex ratio 
Year Number of birds Percentage 
Males Females of cocks 
1942 10 ,538 9,641 52.3 
1943 12,616 11,024 53.5 
Totals 23 , 154 20 ,665 62.8 
Age ratio 
Year Number of birds Percentage 
of im- 
Adults Immatures matures 
1942 447 2,280 83.6 
1943 608 2,732 81.8 
Totals 1,055 § ,012 82.6 


measure of average sex ratios for the 
state population as a whole. Upon re- 
quest, some of these hunters also sup- 
plied the right wing from each bird 
killed, 2,727 in 1942 and 3,440 in 1943. 
By sorting the wings into adult and im- 
mature classes the average age ratios 
could be determined for these years. 
The wings were not segregated by sexes, 
however, as were those collected in 
Howell County. Dr. Rudolf Bennitt of 
the University of Missouri made avail- 
able the records of the Research Unit. 

Kill-records as population samples. 
Hunters’ bags may not represent accu- 
rate samples of the composition of a 
bird population, as Hochbaum (1944: 
129) demonstrated in the canvasback. 
Inaccurate samples, however, are most 
likely in species that partly segregate 
by sex or age groups in autumn, such 
as the wild turkey, pheasant, and can- 
vasback. Most quails remain in mixed 
coveys. Stoddard (1931: 92) showed 
that shooting records of bobwhites in 
Georgia gave approximately the same 
sex ratio as trapping records obtained 
concurrently. Emlen (1940) concluded 
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that hunters’ kill-records accurately 
sampled sex and age groups in Cali- 
fornia quail. In the absence of contrary 
evidence, the present samples are as- 
sumed to reflect the actual sex and age 
composition of the bobwhite popula- 
tions during the hunting periods. 


AGE Ratios 


Howell County. Immature bobwhites 
comprised 72.6 to 82.4 per cent of the 
annual kill, averaging 76.8 per cent 
(Table 1) in Howell County. The figures 
emphasize the importance of the cur- 
rent crop of young in the bags of hunt- 
ers. The 1939 season was generally 
acknowledged as one of exceptionally 
good quail hunting in Howell County 
(and in most parts of Missouri); in 
that year the percentage of young birds 
was higher than in the four subsequent 
seasons. Fluctuations in the autumn 
populations of quail in southern Mis- 
souri probably are due more to yearly 
differences in reproductive success than 
to differences in the relative numbers of 
breeding adults carried over the winter. 
There are two justifications for this 
statement: First, in the latitude of 
Howell County, quail-killing winters 
are rare and the carry-over of breeders, 
as determined by the winter carrying 
capacity of the range, is probably more 
or less constant. Second, birds of the 
year actually make up from three- 
fourths to four-fifths of the autumn pop- 
ulation. 

Reproductive success in turn doubt- 
less varies with local conditions of rain- 
fall and temperature during successive 
nesting seasons. Presumably the year- 
to-year variations in age ratio (Table 1) 
result largely from local weather fluctu- 
ations that affect nesting success. Sub- 
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stantiation of this idea is now being 
sought by Bennitt. 

Regional differences in age ratios. The 
state-wide bag samples taken in 1942 
and 1943 contained averages of 83.6 
and 81.8 per cent young birds, respec- 
tively (Table 2). When the data were 
broken down by regions there ap- 
peared each year geographic differences 
in age ratio varying from approximately 
75 to 88 per cent of young. In general, 
the percentage was lower in the tim- 
bered regions of southern Missouri than 
in the better agricultural districts. In 
Howell County, for example, the aver- 
ages were 77.3 and 74.6 per cent of 
young in 1942 and 1943 (Table 1), and 
the state-wide figures, heavily weighted 
by data from the agricultural regions 
of central and northern Missouri, were 
83.6 and 81.8 per cent for the same 
seasons. Geographic differences in re- 
productive success may of course be af- 
fected by local conditions of the nesting 
environment as well as by climatic vari- 
ables. 

In populations of California quail, 
Emlen (1940) found a smaller propor- 
tion of young birds in the foothill re- 
gion of central California than in the 
agricultural Sacramento Valley. He 
pointed out that poor nesting surround- 
ings might have limited reproductive 
success in the foothills. 

Recent studies in Missouri (unpub- 
lished) indicate that productivity in 
many species of game and furbearers is 
higher on fertile than on infertile soils, 
irrespective of superficial differences in 
environmental conditions. This factor 
may have a bearing on the age ratios 
found in local bobwhite populations, 
but the data presented here are too gen- 
eral to measure it. 


Heavy hunting pressure has beep 
mentioned as a factor that may accel. 
erate “turnover” in a game bird popula. 
tion and thereby exert an effect on the 
age ratio. Comparison of the rates of 
turnover in protected and hunted popu- 
lations of pheasants led A. Leopold et al, 
(1943) to suggest that “hunting, by re. 
ducing the adult population in fall, in 
some way augments the rate of repro. 
ductive gain (survival of young per hen) 
during the following breeding season.” 
This principle may apply in some de- 
gree among bobwhite populations in 
Missouri. Hunting pressure is certainly 
higher in the agricultural regions, where 
reproductive gains were highest in re- 
cent years, than in the Ozarks. 

To summarize, the year-to-year fluc- 
tuations in age ratios in a given locality, 
such as Howell County, probably are 
due to the influence of local weather on 
reproductive success. Regional differ- 
ences in age ratios may be associated 
with the following additional conditions 
which affect reproduction but which are 
assumed to be more or less constant 
within a county: (1) the character of 
the environment as determined by soil 
fertility, vegetative cover, and water; 
and (2) the degree of hunting pressure. 


Sex Ratios 


The excess of males. It has long been 
known that cocks outnumber hens in 
most bobwhite populations. In the 
southeastern states Stoddard (1931: 90) 
found approximately 53 per cent of 
cocks in most late autumn and winter 
bags; the Missouri bag samples (Tables 
1 and 2) closely parallel Stoddard’s 
findings. Emlen (1940) reported a sim- 
ilar sex ratio in California quail (Table 
3). On the average there are about 53 
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TaBLE 3.—DISTORTION IN THE Sex Ratio oF Late AUTUMN POPULATIONS OF QUAIL. 


Species 


Bobwhite quail 
Bobwhite quail 
Bobwhite quail 
Bobwhite quail 
California quail 


All Missouri (Table 2) 


males to 47 females in autumn popula- 
tions of both species. 

Origin of distortion. Both Stoddard 
and Emlen presented seasonal records 
showing that the distortion of the sex 
ratio is least in early autumn and great- 
est in spring and early summer. Stod- 
dard (1931: 94) concluded that in bob- 
white populations this is progressive, by 
heavier mortality among the hens 
throughout the winter and spring. Em- 
len (1940: 92) decided, on the basis of 
his data, that the heavier loss of hens 
in California quail is not regular and 
progressive but is concentrated in the 
spring months during the breeding sea- 
son because the sex ratio was about 
equal from October until March and 
then the percentage of cocks rose rapid- 
ly from April to June. 

The Missouri bag records, confined to 
November and December, are not suit- 
able for direct test of these differing 
hypotheses as to how and when distor- 
tion arises, but one significant point can 
be deduced. The Howell County record 
of bobwhites (Table 1), together with 
some of the data on California quail col- 
lected by Emlen (1940: 95) in the same 
months, show both the sex and age of 
each individual examined. Such data 
permit a comparison of sex ratios be- 
tween adults and young of the year 
(Table 4). Among the young of both 
species, cocks and hens occur in almost 
equal numbers, whereas among adults 
the cocks greatly outnumber the hens. 


Locality 


Georgia-Florida (Stoddard, 1931: 90) 
Other parts of Southeast (Stoddard, 1931: 90) 
Howell County, Missouri (Table 1) 


California (Emlen, 1940: 92) 





Total Percentage 
birds of cocks 
19,423 53.3 
10,707 6538.0 to 58.0 
1 ,633 58.1 
43 ,819 62.8 
15,728 62.8 


This indicates strongly that in both spe- 
cies distortion of the sex ratio is confined 
to the adult segment of the population, 
and that there is no differential mortal- 
ity among young birds in the wild up 
to the end of December. More hens than 
cocks must be lost at some point later in 
the life cycle, and I am inclined to favor 


TABLE 4.—SeEx RATIOS IN THE ADULT AND 
IMMATURE PorTIONS OF LATE AUTUMN QUAIL 
POPULATIONS. 


Numbers Percent- 
—_———————_ age of 
Cocks Hens cocks 


Adults 
Bobwhites, Howell 
County (Tablel) 234 145 61.7 
California quail 
(Emlen, 1940) 298 213 68.3 


Immatures 
Bobwhites, Howell 
County (Tablel) 634 620 60.5 
California quail 
(Emlen, 1940) 406 408 450.0 


Emlen’s interpretation that the prin- 
cipal differential loss occurs during the 
breeding season in both California quail 
and bobwhites. In any event, the net 
result is a small but fairly constant ex- 
cess of cocks in composite autumn and 
winter populations which normally are 
comprised of many young and few 
adults. 

Since the sexes apparently are equally 
divided in young bobwhites and young 
California quail during the first winter 
and an excess of males occurs only 
among the adults, the sex ratio in either 
species should approach 50:50 as the 
percentage of young birds increases. 
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Conversely, the smaller the proportion 
of young in such populations, the 
greater should be the excess of males. 
In a sense then, sex ratio is a function 
of age ratio, and excess cocks may be 
used as an index of the degree of repro- 
ductive success in the previous breeding 
season. 
WEIGHTS 

Weights were obtained on small series 
of bobwhites taken in Howell and adja- 
cent counties in December of 1939 and 
1942; these averaged as follows: Males 
—adult, 191 grams (30 birds); imma- 
ture, 183 grams (54). Females—adult, 
193 grams (13); immature, 186 (69). 
Adults thus average 7 to 8 grams 
heavier than young of the same sex, 
and females 2 to 3 grams heavier than 
males of the same age class. These dif- 
ferences are not necessarily significant, 
however, since the samples are small 
and variable. The two heaviest were 
females: an adult of 238 grams and an 
immature of 227 grams; both had full 
crops. 

The over-all average weight of the 
bobwhites killed in southern Missouri 
was 186 grams; Stoddard’s birds in 
Georgia averaged about 165 grams. 
These weights bear out the generally ac- 
cepted idea that bobwhites increase in 
size from south to north. 


SUMMARY 
Young of the year constitute from 72 
to 83 per cent of autumn populations of 
bobwhites in Missouri. 


Year-to-year fluctuations in age yp, 
tios, shown to occur in one locality, arp 
attributed tentatively to the effects of 
spring weather upon reproductive gyp. 
cess. 

Populations in the agricultural yp. 
gions of the state contain higher per. 
centages of young than those in wooded 
areas. Such regional differences in re. 
productive success may be due to the 
conditions of the nesting environment 
and/or the degree of hunting pressure, 

Distortion of the sex ratio in favor of 
cocks is limited to adults. Young birds 
have a sex ratio of 50:50. The differen. 
tial loss of adult hens probably occurs 
during the breeding season. 

Bobwhites in Missouri average ap. 
proximately 21 grams heavier than 
those in Georgia. 
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AN IMPROVED GAME BIRD TRAP! 


H. L. Kutz 


Wildlife Research Center, State Conservation Department, Delmar, New York 


Since live traps are an essential part 
of the equipment of game managers, it 
seems desirable to describe a trap with 
several practical features for taking 
both pheasants and ducks. Pheasant 
traps have been used in relocating ex- 
cess populations, in securing wild and 
released stock for weight determination, 
in trapping up birds in and around rear- 
ing fields on game farms, and to deter- 
mine by banding the movements and 
survival of both wild and artificially 
reared pheasants. Trapping and band- 
ing waterfowl have furnished informa- 
tion on flyways, migratory behavior, 
survival, weights, and incidence of dis- 
ease. 

Most traps for pheasants and ducks 
consist of a pen with a tapering funnel 
extending into the interior. Lincoln and 
Baldwin (1929) have described a num- 
ber of traps employing this principle. 
Their 3-leaved-clover trap might be 
used for pheasants, whereas the water- 
lily-leaf trap, raft trap, and MclIlhenny 
pen trap are intended for ducks. Ham- 
merstrom and Truax (1938) described 
asmall portable trap rather widely used 
for pheasants. It consists of a crate 18 
X24X48 inches, covered with wire 


1 Contribution from Pittman-Robertson 
Wildlife Research Project 1-R, New York 
State Conservation Department. Merton 
Radway, Manager, Montezuma National 


Wildlife Refuge, furnished information on 
operation of the trap on pheasants and ducks 
and Mr. Raymond Kelley, Erie County Con- 
servation Society, supplied a predator-con- 
trol device and made observations on pheas- 
ant trapping. 
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poultry netting, and with a funnel in 
one or both ends; it may be buffered 
on the inside with fish seine to prevent 
injury to the birds. Buss (1942) used a 
modification of the funnel principle in 
his drive trap for capturing both wild 
and released pheasants in corn fields 
during the summer. Methods for the 
trapping, banding, transporting, and 
releasing of birds are described by Lin- 
coln and Baldwin (1929), Leopold, Lee, 
and Anderson (1938), Hicks and Leedy 
(1939) and other authors. 

All of the traps so far considered have 
been constructed of wire poultry net- , 
ting. This material has a harsh rasping 
surface and is dangerous, particularly to 
wild pheasants. In plunging at the side 
walls the birds often are so cut up and 
scalped that small traps covered with 
poultry netting have been discarded en- 
tirely in New York. Ducks are less ac- 
tive than pheaants in traps, but they 
too commonly suffer lacerations on the 
bend of the wing and about the bill. 
Buffering the interior of the trap with 
fish seine reduces, but does not entirely 
prevent, injuries; furthermore, placing 
the seine in proper position is a tedious 
and time-consuming task which can be 
eliminated by the selection of proper 
trap materials. 

Hicks and Leedy (1939) give details 
of a trap used extensively in Ohio, and 
Cramer (1942) has briefly described a 
trap that has been quite successful in 
Pennsylvania; both are alike as to ma- 
terial and construction. Electrically 
welded wire fabric replaces the harsh 
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poultry wire netting in the side walls 
and, as a consequence, mortality and 
injury from the latter source are quite 
low. Both traps are large and therefore 
not readily portable; the Ohio type 
measures 24 X8 X20 feet, and the Penn- 
sylvania trap 3X6X15 feet. Both are 
capable of catching many pheasants in 
a day’s operation, the Pennsylvania 
trap having taken 96 pheasants in one 
24-hour period. The Ohio trap served 
as a basis from which the trap herein 
described was developed. 

The four side walls of the New York 
trap (Pl. 2, above) are constructed of 
electrically welded 11-gauge wire fabric, 
2X6 inch mesh and 36 inches high. The 
four sidewall sections, each six feet in 
length, are joined to one another with 
hog rings which serve as hinges in fold- 
ing the trap when it is being taken down 
or set up. The roof is composed of one- 
inch-bar fish seine netting laced to the 
walls with cord. In Ohio this material 
was discarded in favor of wire poultry 
netting when it was found that squir- 
rels cut holes in the seine which per- 
mitted birds to escape. This difficulty 
has not been encountered in New York 
and we prefer the soft light-weight ma- 
terial for the top. A single funnel in one 
side, extending into the trap for about 
two feet, has been found to operate 
satisfactorily. It is made of 2-inch poul- 
try netting, 36 inches long and 24 inches 
wide and shaped into a funnel, being at- 
tached to the edges of the 12 inch- 
square opening by hog rings and staked 
to the ground along either side. The 
four side walls of the trap also are 
staked firmly to the ground with forked 
stakes cut from branches. The trap is 
then a stable yet flexible structure, and 
usually requires no further support such 









as guying. The flexible side wal, 
cushion the impact of plunging binds 
and the loosely stretched fish seine roof 
merely billows upward when struck by 
a rising pheasant attempting escape, 
We ordinarily use a sturdy long-handled 
net with a deep bag attached to a 16. 
inch steel ring to catch the birds from 
the outside by merely opening up one 
corner of the roof or top of the trap, 

The killing of trapped pheasants by 
predators is commonly a serious prob- 
lem in trapping operations. Leopold 
Sperry, Feeney, and Catenhusen (1943) 
report that one of every seven banded 
pheasants was killed in their traps, 
mostly by dogs. However, Hicks and 
Leedy (1939) state that trap mortality 
amounted to only 2.5 per cent in trap- 
ping about 10,000 birds; dogs accounted 
for about 50 per cent of the kill and 
predators as a group for more than 
per cent. 

No one has developed a predator- 
proof trap, but the following device 
seems to offer a partial solution to this 
vexing problem. After finding six pheas- 
ants in traps with their heads and legs 
pulled off and dog tracks in the snow on 
the outside, Mr. Raymond Kelley de- 
vised a predator skirt (Pl. 2, above) 
which extends entirely around the trap 
except at the funnel. This skirt consists 
of l-inch poultry netting, 36 inches 
wide, attached by hog-rings 6 inches 
below the top of the side walls and 
firmly staked 18 inches out from the 
bottom of the trap. With the skirt in 
position, birds excited by predators out- 
side the trap may still thrust their 
heads through the side-wall meshes 
without experiencing the risk of being 
decapitated. No further losses occurred 
after skirts were placed on the traps. 
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The New York Game Bird Trap. Above. Trap set up, but with predator skirt rolled 
back to the left to show details of trap and funnel construction. Below. Trap collapsed for 
carrying. 




















In ordinary times the materials used 
in the construction of these traps are 
readily available. The electrically 
welded wire fabric may be purchased 
from mail-order houses and from most 
larger dealers in fencing supplies. Fish 
seine netting may be obtained from 
manufacturers of linen thread materials 
and sometimes (without cost) from law 
enforcement officers who have confis- 
cated seines being used illegally. Fol- 
lowing is the bill of material and ap- 
proximate pre-war cost for one trap: 


4 pieces—electrically-welded _—_ wire 
fabric, 11 gauge, 2X6 inch mesh, 


36 X72 inches (for sides) $1.98 

1 piece—fish seine netting, 1 inch 
bar, 7 X7 feet (for top) .90 

1 piece—} inch poultry wire netting, 
36 X24 inches (for funnel) .10 

1 ball of cord (for lacing top to side 
walls .10 
Total, without predator skirt $3 .08 

1 piece—1 inch mesh poultry wire 

netting, 3X36 feet (for predator 
skirt) 1.23 
Total, with predator skirt $4.31 


It will be recalled that the four side- 
wall sections of the trap are attached to 
one another by hog rings which function 
as hinges. In moving a trap from -one 
spot to another, one need only pull up 
the side-wall and funnel stakes, flat- 
ten the funnel back against the section 
to which it is attached, unlace only two 
sides of the top netting, and fold the 
sections one upon the other. The trap 
then is a compact bundle three feet 
high, six feet long, and several inches 
thick (PI. 2, below). It weighs 24 pounds, 
which permits a half dozen or more to 
be easily carried upon the roof rack of a 
passenger car or in a row boat. By re- 
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versing the procedure, a trap is set up 
in but little more time than required to 
take it down. If a predator skirt must 
be used, the time required to assemble or 
take down the trap is extended con- 
siderably. In New York, where winter 
concentrations are relatively small as 
compared with those described in some 
other states, the easy portability of a 
pheasant trap is a decided advantage 
since traps must be moved frequently 
from place to place during the trapping 
season. 

After witnessing the cutting, scalp- 
ing, and death in pheasant traps cov- 
ered with poultry netting, it is with con- 
siderable satisfaction that we now take 
one of these traps into the field, con- 
fident that casualties caused by birds 
striking the sides and top will be negli- 
gible. No mortality from such causes and 
no scalping has occurred in using this 
sort of trap to take 420 adult wild 
pheasants. The few injuries sustained 
were entirely minor, probably birds 
that struck the poultry mesh funnel. 
The predator skirt is an additional fea- 
ture contributing to the safety of 
trapped birds. 

In the autumn, the New York trap 
may be employed successfully for trap- 
ping ducks. Merton Radway, Manager 
of the Montezuma National Wildlife 
Refuge, has used this trap to catch and 
band about 1,000 ducks during several 
seasons. He has taken black ducks, 
mallards, teal, pintails, and wood ducks 
and also scaups and ring-necked ducks, 
although the trap was not intended for 
diving ducks. Wire mesh may be sub- 
stituted for fish seine in the roof without 
endangering ducks. 

Under favorable conditions, a con- 
siderable number of birds can be taken 
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at one time in a trap of the size de- 
scribed. One morning in the spring of 
1944 there were 28 black ducks in one 
trap. The largest number of pheasants 
in one trap at one time was 15, but more 
probably might be accommodated. 
Hicks and Leedy (1939) reported that 
pheasants are likely to find their way 
out through the funnel when traps are 
of small size, and Cramer (1942) states 
that quite a few pheasants are injured 
in traps of smaller size than the colony 
type used in Pennsylvania. Since nei- 
ther of these difficulties has been en- 
countered in our trapping, present in- 
dications are that the design of the trap 
is satisfactory in such respects. The 
trap can be enlarged readily, however, 
by attaching additional side-wall sec- 
tions with hog rings. 

The important advantages of the 
New York trap are its light weight, 
ready portability, the ease and speed 
with which it can be set up and taken 
down, its cheap and rugged construc- 
tion, the high degree of freedom from 





injury and mortality which it offers to 
trapped birds, and its successful opera. 
tion on both ducks and pheasants, 
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COMPARISON OF CENSUS METHODS FOR 
PHEASANTS IN NEBRASKA 


H. Elliott McClure 
Ord, Nebraska 


In plans for the Nebraska Upland 
Game Bird Pittman Robinson Project 
the censusing of pheasants and tabula- 
tion of population densities was of 
prime importance. A summary of the 
data at hand and a comparison of the 
various methods tried will be discussed 
here. 


RoapDsIDE CouNT 
Because of the success in other states, 
the roadside count was tried in Ne- 


braska. Counts were made at weekly in- 
tervals throughout the autumn and 
winter of 1941-43 on two 15-mile routes 
through Valley County in central Ne- 
braska (Table 1). The results, however, 
are more confusing than enlightening. 
The variation in numbers of birds seen 
from week to week was nearly as great 
as that between years, the maximum 
within one year being 1,440 per cent, 
and that between separate years 4,500 
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TaBLE 1.—CoMPARISON OF AUTUMN AND WINTER RoapsIDE CouUNTS OF PHEASANTS 
in VALLEY COUNTY, NEBRASKA. AVERAGE BIRDS PER MILE. ITALICIZED FIGURES ARE OF 
Counts Durinc HUNTING SEASONS, 


Date — 1941 
uly 5- 
a 7 66 
August ° 
“ 8-14 2.3 
15-21 .36 
22-31 .63 
September 1-7 1.43 
8-14 .33 
15-21 
22-30 .36 
October l- 7 .66 
8-14 a 
15-21 1.0 
22-31 .29 
November 1-7 .16 
8-14 
15-21 .46 
22-30 
December l- 7 
8-14 
15-21 
Total miles 360 
Total birds 279 
Average birds per mile 0.79 
Percentage variation 1,440 


per cent. Such tremendous variations 
nullify any attempt at accurate predic- 
tion of the numbers present by use of 
this method over a short period. In 
Table 1 italicized figures are of counts 
during the hunting season. Roadside 
hunting, a common practice, would be 
expected to affect greatly the numbers 
of birds seen along a highway, as pheas- 
ants learn rapidly to avoid the presence 
of automobiles. In 1941, the average 
number seen per mile previous to the 
hunting season was 0.88 and during the 
hunting season was 0.48, a reduction of 
45 per cent. In 1942, the comparable 
figures were 2.92 and 2.49, a reduction 
of 14 per cent. These data would sug- 
gest that roadside counts could best be 
used prior to hunting. In 1943, however, 
the data were contradictory, the pre- 
season counts averaged 2.5 and those 
during the season 3.1 per mile, an in- 
crease of 24 per cent. 


1942 1943 Averages 

3.25 3.25 
Lt ae | 

.66 
1.6 2.45 2.15 
3.1 2.91 2.12 
2.05 2.45 | Wey | 
.56 1.00 
3.5 2.4 2.11 
2.7 2.25 2.47 
3.85 3.65 2.62 
3.45 3.95 2.69 
Pe | 2.6 2.96 
1.0 1.85 1.28 
3.6 1.55 1.81 
i: Son 2.85 
3.85 5.6 4.68 
2.3 2.6 1.79 
1.3 2.15 1.72 
8.15 2.4 5.17 
1.75 1.76 
585 630 1,575 
1,814 1 ,678 3,771 
3.07 2.66 2.17 
8165 1.300 783 


Among the factors to consider, is that 
of the time and number of the pre- 
season counts. In 1941 the census made 
eight weeks before the season was com- 
pared with three during the season, 
which was short. In 1942 there were 
eight before and five during the hunting 
season; and in 1943 there were 11 pre- 
season tallies and eight during the 
long season. This is further substantia- 
tion that the roadside count is of value 
only as when used for several weeks 
prior to hunting. 

It is not yet feasible to predict the 
presence or absence of pheasants along 
a census route by weather and tempera- 
ture observations made before taking a 
count. Errors from the physiological 
condition of the birds, the presence or 
absence of vehicles on the road in ad- 
vance of the observer, the effect of 
previous weather, and the very nature 
of the birds themselves obliterate any 
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consistency in data gathered by road- 
side counts. On the two roadside census 
routes in Valley County, a total of 1,575 
miles were covered, 3,771 pheasants 
counted, and the weather data re- 
corded, but still there was no indication 
as to how many birds would be seen 
during a roadside count on any given 
morning. 


DETONATION CouNTs vs. ONE-MINUTE 
Counts 


These two methods have already 
been discussed (McClure, H. E., Journ. 
Wildl. Mgt. 8: 61-65, 1944) and have 
been further refined through another 
year of observations. The first involves 


explosion of small aerial salutes and 
counting the number of pheasant roost. 
ers which respond. An area is censused 
by shooting these bombs at 5-mile ip. 
tervals. The one-minute count is simply 
to stop the automobile and listen for 
the pheasants crowing during a one- 
minute period. An area may be censused 
at any interval desired, such as two, 
three or five miles. Both methods are 
most productive when used from 6 to 8 
A.M. The one-minute count seems 
three times as successful as the aerial 
salute from 6 to 7 A.M., and more suc- 
cessful between 7 and 8 A.M. The two 
methods give closely similar results, 
however, from 8 to 9 A.M. (Table 2). 


TABLE 2.—CoMPARISON OF RESULTS IN CENSUSING PHEASANTS BY DETONATIONS AND 
OnE-MINvuTE Counts, NEBRASKA, 1941-43 


Number of 
shots 
TIME OF DAY 
6-— 7a. M. 51 
7-8 151 
8- 9 56 
9-10 32 


6-— 7 P. M. 2 
7- 8 13 
8- 9 


TEMPERATURE 
° 


0- 10 
11— 20 
21-— 30 
31-— 40 
41— 50 
51— 60 
61— 70 
71— 80 
81— 90 
91-100 


HUMIDITY RELATIVE 
(per cent) 
0- 10 
11— 20 
21-— 30 
31-— 40 
41— 50 
51-— 60 
61-— 70 
71-— 80 
81-— 90 
91-100 


Average calls 
per shot 


Number of 
1-minute counts 


64 32. 
252 11. 
87 9. 


Average calls 
per minute 
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The responses to explosions and nor- 
mal spontaneous crowing did not dif- 
fer as markedly at various temperatures 
as at different times of day. In general, 
about the same number responded to a 
bomb as would call in one minute at 
most temperatures from 0° to 100°F., 
but spontaneous crowing was consist- 
ently high between 20° and 60°F. 
(Table 3). Likewise there was close sim- 
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but one-minute counts seem most effi- 
cacious during the courting months, 
April and May, when the relative num- 
bers of breeding cocks are indicated. 
Roadside counts are best used in the 
autumn as an indication of the post- 
breeding population. 

The detonation and roadside-count 
methods can be compared for the last 
six months of the year in Table 3. The 


TABLE 3.—COMPARISON OF CENSUS METHODS FOR PHEASANTS. 


Detonations 
Number Average 
of shots calls 


January 

February 21 28.7 
March 31 21.8 
April 8 12.4 
May 58 8.2 
June 63 6.8 
July 66 4.6 
August 49 6.3 
September 29 4.5 
October 32 Cus 
November fd 7H 
December 6 2.6 
Totals 374 10.0 


ilarity between the response to explo- 
sions and the normal number of calls 
in one minute in respect to relative 
humidity, but there was no great varia- 
tion in crowing activity at humidities 
above 50 per cent. 

Results of the three methods of 
pheasant enumeration (detonations, 
one-minute counts, and_ roadside 
counts) for each month are compared in 
Table 3. The detonation method can be 
used throughout the year with some 
success but seems best for indicating 
relative numbers during February and 
March. Pheasants do not regularly be- 
gin spontaneous crowing until March 
and cease by late July. Intermittent 
crowing may be heard in any month, 


One-minute Roadside 
crowing count count 
Number Average Number Average 
of counts birds per count of counts birds per 

mile 

28 12.7 — — 
61 17.1 _— — 
135 16.0 1 0.5 
155 10.6 1 2.7 
175 3.8 7 ee! 
19 0.1 8 1.9 
-- — 8 2.6 
— ~- 4 3,7 
_— — 3 2.2 
— — 2 3.3 
573 10.2 34 2.2 


average number of cocks responding to 
an explosion usually is double the num- 
ber seen per mile of driving. An average 
of twice as many birds were heard at 
each shot as were seen along each 
mile. Both of the methods must be 
correlated with the known number of 
birds in a given area of land. This num- 
ber probably can be determined only by 
use of many men to drive out the birds. 
The variation in number of birds seen 
and heard was about equal. 


Witt DunNE RANCH 


Each week during 1941-43, except 
when weather prevented, wildlife popu- 
lations on two sections were counted 
from horseback on the Will Dunne 
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Ranch in the northwest corner of Loup 
County in the midst of the Nebraska 
sandhills. Through it flows the Calamus 
River, bordered by extensive low hay 
meadows. One section included river 
bottomland and the ranch buildings and 
the other (adjoining) only upland sand- 
hills. In six to eight hours of riding, 
most of the habitats along a 15-mile 
route through the two sections were 
examined. The average number of 
pheasants counted at each observation 
is given in Table 4. The pheasants 

TABLE 4.—PHEASANTS ALONG 15-MILE 


Route on Two Sections oF LAND, DUNNE 
Rancu, 1941-43. 


Indicated 
5-year birds per 
— section 

January 83.0 41.5 
February 60.2 30.1 
March 57.5 28.7 
April 19.5 9.7 
May 6.1 3.1 
June 7.2 3.6 
July 24.0 12.0 
August 35.7 17.8 
September 37.7 18.8 
October 80.8 40.4 
November 85.0 42.5 
December 93.3 46.6 
Averages 44.4 22.2 


tended to congregate along the river 
valley during the winter. At the ap- 
proach of spring they migrated into the 
sandhills and established nesting ter- 
ritories near plum and chokecherry 
thickets. During the breeding season 
the actual numbers seen became fewer 
as the hens nested and cocks became 
more elusive. From July through Sep- 
tember the numbers increased as young 
left the nests. And during late Septem- 
ber the migration from the sandhills to 
the valleys began and the numbers 
again rose. 

The year round average of birds per 


section was 22.2, but this figure dogs 
not indicate the actual or approximate 
numbers present because of the ebb and 
flow of birds from season to season, 
During March emigration was rapid 
and probably was completed before the 
end of April. In April the birds averaged 
about 10 per section. If this figure is as. 
sumed to be near the actual population, 
then the numbers seen in September, 
just before migration into the valleys, 
should indicate the success of nesting, 
For the three years, the latter was 
about double that for April which seems 
logical, since the population should 
double itself in order to be maintained 
from year to year. I am inclined to be- 
lieve that 10 pheasants per section (1 
square mile) at the beginning of the 
breeding season is the average number 
in this portion of Nebraska. 

This method of observation showed 
any seasonal changes and also the pop- 
ulation trend from year to year as accu- 
rately or more so than other methods. 
The average for 1941 was 19 per section; 
in 1942 this increased to 23.8, and in 
1943 decreased to 22. A disadvantage in 
concentrating efforts on small areas lies 
in trying to apply information so ob- 
tained on a wide scale. Throughout 
Nebraska the pheasant population in- 
creased in 1942 over 1941 and decreased 
in 1943, as determined by statewide 
observations and by use of the other 
census methods here described. It is 
evident, then, that population changes 
in pheasants over wide areas may be 
reflected in data obtained on small 
tracts. Concentrated study in a small 
area yields more biological and ecologi- 
cal information concerning a species 
than the more extensive method. 
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Scat Counts 


On the meadows bordering North 
Marsh Lake in the Valentine National 
Wildlife Refuge, the numbers of pheas- 
ant droppings were counted on plots 
one yard square, at 20-pace intervals, 
and on strips six feet wide and up to 100 
yards long. These tallies were made at 
intervals of one or two weeks. Where 
the meadows have been mowed there 
js a line of demarcation between the 
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of the birds present, seven captive 
pheasants were placed individually in 
mesh bottom cages over cardboard so 
that the number of scats dropped per 
hour could be counted; this was during 
March and April, 1944. The captives 
averaged about one dropping each 30 
minutes during daylight hours. Their 
digestive activity was slightly greater 
in the late morning and late afternoon. 
While asleep defecative action was 
slowed and about one scat passed per 


TABLE 5.—AVERAGE PHEASANT Scat Counts aT NortH MarsH LAKE, VALENTINE 
NATIONAL WILDLIFE REFUGE, 1941-43. 


Around Pheasants Meadow Junction of 
willow jlushed between meadowand Edge of Abandoned 
thicket, from thickets, unmowed willow, field, per 
per square willow per square pasture, per 6-foot 6-foot 
yard thicket yard per square strip strip 
yard 
January 1 .2e 15.2 21 20 6.3 1.45 
February 1.26 15.0 12 .00 5.2 4 
March 3.72 6.0 .40 8 15.2 9 
April 1.79 6.2 15 .66 3.2 14 
May .36 1.4 .09 5 .45 1 
June .03 4.0 .00 00 .00 00 
July .04 1.7 .O1 06 .04 06 
August 20 3.1 .04 03 .16 04 
September 27 10.1 .006 06 .34 11 
October .40 6.8 .024 .14 .37 .29 
November 47 2.5 12 .07 2.3 2.0 
December 1.30 7.0 .09 .13 ye 1.34 
Averages .55 5.5 .105 .23 3.45 .57 


rank growth of the border of the sand- 
hills and the more tender meadow 
grasses. Column 4 in Table 5 shows the 
average number of scats along such a 
border. Near the first willow thicket 
mentioned was another thicket and 
Column 5 gives the average number on 
areas of 1X6 feet, in a strip 6150 
feet. Another plot (Column 6) was in an 
abandoned field grown up to sunflowers 
and weeds; counts are for 1X6 foot 
areas in a strip 6 X600 feet. 

In an effort to correlate the number 
of droppings found in the wild with that 


hour. Individual roosts near willow 
thickets averaged 28 scats; assuming 
each was used but once, two scats per 
hour are indicated. The captives may 
not have fed as well as would birds in 
the wild, which would have decreased 
the number of pellets they dropped dur- 
ing the night. Use of pellet counts as a 
census method is of interest only during 
the day while the birds are active. The 
seven experimental birds showed that 
each dropped about 26 pellets during a 
12-hour day, or one per 30 minutes; the 
averages, by hours were as follows: 





JOURNAL OF WILDLIFE MANAGEMENT, VOL. 9, No. 1, JANUARY, 1945 


N 


= 
3 
a 
® 
oe 


8 p.M. to 8 A.M. 
Total 


Oo ONnKWNRKNNNNNR eH 
—- ON PKK ORM OOPOOO 


oOo 


Wild pheasants have definite habits 
of defecation which would influence the 
use of this method. The North Marsh 
habitat was overgrown with tall marsh 
grasses and sedges, bordered by willow 
thickets of varying depth and other wil- 
low thickets had grown up in low areas. 
The mowed meadows surrounded wil- 
low thickets, and tall grass of the sand- 
hills bordered the meadows. The pheas- 
ants roosted within the marsh or willow 
thickets. In moving from the marsh 
to the sandhills where they fed during 
the day they followed definite routes of 
travel, making beaten paths through 
the thickets. Upon reaching the border 
of the willows a pheasant would hesi- 
tate, scan the meadow and horizon, 
then defecate before hurrying out upon 
the meadow (see Table 5, Columns 1 
and 3). Similar action occurred by a 
bird walking from the sandhills toward 
a willow thicket when it reached the 
border of tall grass and mowed meadow. 
The numbers of scats found on this bor- 
der was never as great, however, as 
along the willows. In the abandoned 
field, where no border study was made, 
dispersion of pheasant droppings indi- 
cated that they defecated at random 
while feeding among the weeds. 

Seasonal changes in the numbers of 


shown in Table 5. The quantities pres. 
ent depend on the number of birds using 
this habitat, and the durability of the 
seat, or its resistance to weathering. 
During the winter scats become frozen 
and remain intact much longer than jp 
the summer when they are almost im. 
mediately attacked by insects or dis. 
solve by heavy rains. The durability of 
the fecal pellet is also affected by the 
diet. Winter pellets may be black and of 
tarlike consistency from a diet of grass 
and seeds. The summer diet of insects 
and weed seeds results in a smaller pel- 
let of different consistency. 

All these factors affect the use of scat 
counts to determine relative pheasant 
populations. It is not possible simply to 
figure the average number of scats per 
acre calculated from square yard counts 
and assume that the result indicates the 
number of birds present. Thus, the year 
round average of scats per square yard, 
in all habitats, was 0.304, which would 
indicate 1471 scats per acre, and 56.6 
birds using the acre daily or one bird for 
56.6 days. 

In the winter of 1938-39 the 200 
acres of marsh and meadow along the 
west end of North Marsh Lake sup- 
ported between 96 and 100 pheasants. 
In the winter of 1939-40 this increased 
to 200, and during 1940-41 to 300. In 
the winter of 1941-42 the population 
was placed at about 160 to 200, in 
1942-43 from 130 to 150, and in 1943- 
44 at 80 and 100. These figures were de- 
termined by watching the meadows and 
marsh from high surrounding hills when 
the ground was covered with snow. The 
local winter concentration for the three- 
year period was about a bird to 13 acres. 

At present, the use of scat counts to 


scats present on the soil surface also are indicate pheasant numbers seems useful 
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during the winter months, when such 
counts will suggest the relative number 
of birds and any changes of population 
from year to year. 


DISCUSSION 


There is widespread interest in wild- 
life census methods and much study is 
being given to the subject in many 
states. Dalke (N. Amer. Wildl. Conf. 
Trans., 8: 380-384, 1943), Siegler and 
Coleman (Journ. Wildl. Mgt., 8: 93-99, 
1944), Rasmussen and Doman (N. 
Amer. Wildl. Conf. Trans., 8: 369-379, 
1943) and others have stressed the im- 
portance of determining wildlife popu- 
lations by use of several methods for 
varying conditions throughout the year. 
The same is true in Nebraska. None of 
the methods here discussed has univer- 
sal use for estimating the numbers of 
pheasants throughout the State under 
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all conditions of habitat and in all 
months. Each is applicable to a certain 
set of conditions, and each has ad- 
vantages over the other. The roadside 
count is best previous to the hunting 
season, if used repeatedly. The detona- 
tion method is applicable to breeding 
populations and for the pre-hunting 
tabulation. The one-minute crowing 
count gives best results early during the 
breeding season and is a fairly accurate 
indicator of relative population den- 
sity. The scat count is of limited effec- 
tiveness, but should prove of value in 
areas of winter pheasant concentra- 
tions. Of the five methods under trial in 
Nebraska, the use of a horse and of con- 
centrated study on a limited area, as at 
the Dunne ranch, has a year around ef- 
fectiveness and appears to be applicable 
to wider usage. This is in agreement 
with the North Dakota pheasant stud- 
ies reported by Roy N. Bach. 


FOOD HABITS OF THE RACCOON IN EASTERN TEXAS 
Rollin H. Baker, Coleman C. Newman and Ford Wilke 


Texas Game, Fish and Oyster Commission, Austin, Texas; and U. S. Fish 
and Wildlife Service, Washington, D. C 


The forested region of eastern Texas 
provides excellent habitat for the rac- 
coon (Procyon lotor) and profitable har- 
vests of this animal are available to 
trappers where overtrapping and exces- 
sive logging do not interfere. The most 
suitable raccoon range in this region is 
along the larger streams where wide 
flood plains and adjacent sloping up- 
lands support mature stands of oak tim- 
ber together with other hardwood. The 
present study was centered in this type 
of habitat along the Neches River in 
Polk, Trinity and Angelina counties, 





Texas, from September 1940 through 
June 1942, the field work by Baker and 
Newman and analysis of the materials 
by Wilke. 

In all, a total of 378 scats, stomachs 
and intestinal tracts was collected in the 
best raccoon habitat at various seasons, 
as foliows: scats, (344, in all months); 
stomachs, (23, Dec., Jan.); intestines, 
(11, Dec. and Jan.). In all, 162 rac- 
coons were collected but stomachs of 
the majority were empty or contained 
insufficient food (less than 5 cc.) to 
justify inclusion. The intestinal tracts 
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of 11 contained food materials in a con- 
dition equivalent to that in scats and 
are combined with the 61 droppings of 
the winter season. 

For the entire year, plant foods ex- 
ceeded animal foods in an approximate 
ratio of 60 to 40 per cent. Acorns (Quer- 
cus) and crayfish (Cambarus) were the 
two principal foods, comprising more 
than half the total volume; both ap- 
peared in the diet during every month. 
Acorns constituted nearly one third of 
the bulk of materials examined and oc- 
curred in 193 of the 378 study units; 
crayfish made up about a quarter of the 
bulk, being found 233 times. The extent 
of use of these and other foods appar- 
ently depends largely on their seasonal 
availability. 

General field observations and infor- 
mation from the food examinations in- 
dicate that raccoons cover both bottom- 
lands and adjacent uplands in their 
home ranges through the year. They ap- 
pear to disperse through upland woods 
in summer and autumn, and depend to 
a great extent on such fruits as persim- 
mon, acorns, mulberry, French mulberry 
and grape as well as crayfishes and a 
variety of insects. In winter and spring, 
populations are more concentrated in 
bottom areas, where acorns are picked 
up or dug from the edges of receding 
flood waters and where spring cray- 
fishes are easy and abundant prey in 
stagnant pools and back waters. The 
winter concentrations are a convenience 
to the trapper but often bring a severe 
limitation to raccoon populations when 
such areas are trapped too closely. 

The major findings as to food are pre- 
sented by seasons (Table 1). 

During the autumn plants con- 
tributed 81 per cent of the food, ripen- 


ing autumn fruits being the principg 
part of the diet. In addition to the 
items listed, there were traces of grass 
fragments, numerous other insects, anq 
also of a snake (Thamnophis sp.) and q 
snail, 

In the winter, acorns averaged more 
than half of the total volume. In adgj. 
tion to the plant items listed, smal] 
amounts of greenbrier (Smilaz sp.), rat. 
tan (Berchemia scandens), deciduoys 
holly (Ilex verticillata), black gum 
(Nyssa sylvatica), and ironwood (Car. 
pinus caroliniana) were present. Plant 
materials constituted about three 
fourths of the total food in the stom. 
achs, droppings and intestines exam- 
ined. In addition to the animal foods 
listed, parts of three ducks, a snail, and 
numerous kinds of insects were found. 

The spring foods included 71 per cent 
of plant materials. Acorns, though re- 
duced to slightly more than a fifth of 
the total, were still the dominant plant 
item; crayfish on the other hand in- 
creased in proportion and comprised 
well over half of the total contents. 
Field observations showed that receding 
flood waters and small pools were 
literally alive with crayfish, and signs of 
raccoon were always abundant about 
such areas. The use of mulberry during 
this season seems significant; this fruit 
is apparently a choice food but mature 
trees are scarce because of intensive 
logging operations. Raccoons often 
prey on winter and spring concentra- 
tions of coots and therefore it was not 
surprising that evidence of two coots 
was found in the droppings. Traces of a 
rabbit (Sylvilagus sp.), a snake, and 
various kinds of insects were found. 

The summer plant-animal food ratio 
appears to be nearly equal. Acorns were 
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TABLE 1.—Foops OF THE RACCOON IN EASTERN TEXAS. 


AUTUMN (Sept.-Nov.), 53 scats 


Persimmon (Diospyros virginiana) 1 
Acorns (Quercus sp.) 1 
Grape (Vitis sp.) ' 13 
French mulberry (Callicarpa 
americana) 3 
Hawthorn (Crataegus sp.) 3 
American holly (Ilex opaca) _ 1 
Indian-cherry (Rhamnus caroli- 
niana) 
Crayfish (Cambarus sp.) 19 
one (Vespidae, Sphecidae) 12 
Beetles (Carabidae, Scarabaeidae, 
Cerambycidae) 
Grasshoppers (Acrididae, Tetti- 
goniidae) 


mirscte Percentage 


wars SOW ** 8 by volume 


Ld 


~~  M 


Winter (Dec.-Feb.), 
23 stomachs 
Acorns (Quercus sp.) 19 67 
Persimmon (Diospyros virginiana) 2 4 
Crayfish (Cambarus sp.) 10 10 
Moth pupae (Lepidoptera) 6 
Beetles (Coleoptera) 5 
Bird (Passerine) 1 
Grasshoppers (Acrididae) 3 
Spiders (Lycosidae) 4 


61 scats, 11 intestines 


Acorns (Quercus sp.) 41 
American holly (Ilex opaca) 16 
Hawthorn (Crataegus sp.) 

Persimmon (Diospyros virginiana) 
Yaupon (Ilex vomitoria) 

Crayfish (Cambarus sp.) 3 
Fish (Centrarchidae) 

Grasshoppers (Acrididae) 

Moth pupae (Lepidoptera) 

Spiders (Lycosidae) 


ante 
mm TDN 


OID OO PATO 
hn 
mms CoO BWaVWwN 


still utilized from drifts and receding 
waters. A considerable variety of sum- 
mer fruits was consumed, grapes being 
especially important. Other fruits iden- 
tified in small quantities were black 
gum (Nyssa sylvatica), greenbrier (Smi- 
lax sp.), and sweetgum (Liquidambar 
styraciflua). Additional animal items re- 
corded were wasps and hornets, other 
kinds of insects, and 3 frogs. Field ob- 
servations during the summer and early 
autumn showed that raccoons have a 





47 
3 o 
Ss 
23 
Sprine (Mar.—May), 110 scats KS o> 
Acorns (Quercus sp.) 60 22 
Mulberry (Morus rubra) 15 4 
Greenbrier (Smilaz sp.) 1 2 
Crayfish (Cambarus sp.) 91 57 
Fish (Centrarchidae) 5 6 
Grasshoppers (Acrididae, Tetti- 
goniidae) 3 4 
Coot (Fulica americana) 2 1 
Blackbird (Icteridae) 2 1 
Snails (Gastropoda) 5 1 
Beetles (Carabidae, Elateridae, 
PMMIREIUND oc: o.oo, std active. 41a ehoacers 20 1 


SumM_Er (June—Aug.), 120 scats 


Acorns (Quercus sp.) 58 26 
Grape (Vitis sp.) 46 17 
Persimmon (Diospyros virginiana) 12 8 
Mulberry (Morus rubra) 2 $ 
Blackberries (Rubus sp.) 1 2 
Hawthorn (Crataegus sp.) 3 1 
Hackberry (Celts sp.).........0.00 1 1 
Crayfish (Cambarus sp.) 75 29 
Giant waterbugs (Belostomatidae) 16 8 
Fish (Centrarchidae) 5 3 
Grasshoppers (Acrididae, Tetti- 
goniidae) 19 2 


Beetles (Carabidae, Chrysomel- 
idae, Curculionidae, Cerambyc- 


idae) 27 
Spiders (Lycosidae) 22 
Snails (Gastropoda) 3 


Snakes (Natriz sp., Thamnophis 
sp.) 2 

Water beetles (Hydrophilidae, 

Dytiscidae) 11 


~ ~ ~~ 


fondness for adult and larval wasps and 
their stored foods and are especially 
partial to the ground-nesting yellow- 
jackets. Though hornets were found in 
the scats, no field evidence was encoun- 
tered showing destruction of the paper 
nests of these insects by raccoons. 


SUMMARY 


The food habits of raccoons were 
studied along the Neches River in three 
counties of eastern Texas in 1940-42. 
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Field studies were supplemented by 
laboratory analyses of 344 scats col- 
lected in all months and of 23 stomachs 
and 11 intestines obtained in winter. 
Acorns and crayfish constitute more 
than half of the yearly diet and both are 
consumed in considerable amount at all 
seasons. Persimmons and grapes were 
utilized heavily when available and 
other fruits in smaller amounts. Insects 
and other invertebrates formed an im- 
portant part of the diet. Vertebrates 


were eaten sparingly but species of Water 
snakes were preyed upon as were winter 
and spring concentrations of water fow], 

Raccoons were found to concentrate 
in timbered river bottoms during the 
winter and spring, feeding largely gp 
acorns and crayfish. Under these condj. 
tions they are readily trapped. In the 
summer and autumn the populations 
appear to be dispersed through the up. 
lands as well as bottomlands in search 
of seasonal foods. 


PRE- AND POST-HUNTING SEASON FOODS OF 
RACCOONS ON AN ILLINOIS GOOSE REFUGE! 


Lee E. Yeager and William H. Elder 


State Natural History Survey Division, Urbana, Illinois 


The effect of an abundance of dead 
and crippled ducks on the food habits of 
raccoons in Illinois has beer reported 
(Yeager and Rennels, 1943; Yeager and 
Anderson, 1944). An opportunity to de- 
termine this relationship for Canada 
geese was provided during theautumn of 
1942 in studies by the junior author on 
the Horseshoe Lake Game Refuge, 
Alexander County, Illinois. 

Horseshoe Lake is an old ox-bow of 
the Mississippi River, 7 miles long and 
about 2,400 acres in area, of which one- 
fourth is cypress-tupelo gum swamp 
(Taxodium distichum-Nyssa aquatica). 
The “island” of about 1,400 acres is 
cleared except for 150 acres of heavy 


1 Paul Smith, U. S. Fish and Wildlife 
Service, provided much specific information 
on the Horseshoe Lake area; James R. Coo- 
per helped in laboratory work, and R. E. 
Yeatter and George W. Bennett have re- 
viewed the manuscript. 


hardwood timber and a _ somewhat 
larger acreage of wooded flats. The 
refuge, maintained by the Illinois Iv. 
partment of Conservation, has an area 
of 3,544 acres. Some open water and 
several hundred acres of surrounding 
swamp lie outside the refuge boundary. 
Cypress and tupelo gum trees border 
both shorelines of the lake and some 
stand many yards out in shallow water. 
This wooded margin has an under- 
growth of buttonbush and water privet 
and is strewn with thousands of fallen 
trees and old logs; many of the latter 
are hollow and suitable for dens. A dam 
across the lake outlet maintains the wa- 
ter at a rather constant depth, which 
does not exceed 6 feet except during 
spring floods. 

Abundant food, full protection, anda 
naturally excellent habitat have re- 
sulted in heavy populations of raccoons, 
red and gray foxes, opossums, and 
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squirrels. Minks, skunks, woodchucks, 
and cottontail and swamp rabbits are 
more or less common. Limited trapping 
resulted in the capture of white-footed 
mice (Peromyscus), field mice (Micro- 
tus), pine mice (Pitymys), and shrews 
(Blarina). The eastern chipmunk (Ta- 
mias), moles (Scalopus), and flying 
squirrels (Glaucomys) are known to be 
present and other small mammals un- 
doubtedly occur. Songbirds and rap- 
tores, particularly owls, are numerous. 
The fishes have been studied by Thomp- 
son and Bennett (1938), who found 
both game and rough species in large 
numbers. 

Horseshoe Lake is the wintering 
ground of 40,000 to 50,000 Canada 
geese (Bellrose, 1944) and one of the 
lagest concentration points for the 
species along the Mississippi flyway. 
Corn and other grains are fed to the 
geese on the refuge and they are pro- 
“ided with several hundred acres of 
greens, chiefly winter wheat. Additional 
food supplies are found on the many 
cornfields nearby. Grit and water are 
available both on the refuge and on the 
Mississippi River about four miles to 
the southwest. 

This concentration of geese has at- 
tracted many hunters and nearly all 
lands bordering the refuge, particularly 
on the south and west, are owned or 
controlled by hunting clubs. The annual 
kill of geese near the refuge during re- 
cent years has varied from 7,000 to 18,- 
000 (Cloe, 1943), and is believed to have 
averaged about 10,000, a heavy levy for 
the small area involved. 

The resulting abundance of dead and 
crippled geese seems to attract other 
than resident carnivores to the refuge 
area, at least during the late autumn 
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and winter. Signs and scats of raccoons 
are everywhere and those of foxes and 
opossums only a little less abundant. 
The activities of minks and skunks are 
less apparent, as neither occurs in large 
numbers on the refuge, but numbers of 
feral dogs wander along the outside 
shoreline. The effect of unretrieved and 
crippled geese on the food habits of 
refuge carnivores was studied in detail 
only for raccoons, but general observa- 
tions were made on the other species. 


MATERIALS AND METHODS 


A total of 223 scats were analyzed; 
116 were collected on October 16, 1942, 
one day after the opening of the water- 
fowl hunting season, but before feathers 
from any ducks and geese killed or 
crippled on the preceding day could ap- 
pear in scats. The second sample of 107 
was taken on January 14, 1943, three 
weeks after the close of hunting, when 
dead and crippled geese were still plen- 
tiful. 

The two collections were from the 
same localities, and many logs yielded 
scats for both series. No old scats or any 
of doubtful origin were taken. Efforts 
were made to collect entire droppings, 
but this was not always possible be- 
cause of variation in content and sites of 
deposition. Scats largely of grape or 
pokeberry seeds and voided on small 
round logs, or on logs far decayed or 
with deeply fissured bark, were less easy 
to collect entire than were droppings 
largely of feathers and on large smooth 
logs, stumps, or other flat surfaces. 
Each scat was placed in a small paper 
bag, dried in a heated room, and then 
labeled and shipped to Urbana for ana- 
lysis. 

The material was sorted and meas- 
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ured volumetrically by component 
parts, each scat separately, to permit 
ready determination of food. Summa- 
tion of the total volume of each food, in 
cubic centimeters at uniform pressure, 
provided a basis for calculating percent- 
age values. Quantities of less than 0.1 
per cent were indicated as traces. The 
usual difficulty was experienced in 
measuring feathers, hair, and similar 
material. Volumetric measurement of 
fecal remains is inherently inaccurate as 
an index to the true volume of foods 
eaten, but shows general trends and 
was used for want of a better method. 


Foops 


ANIMAL FOODS 


During both the pre-and post-hunt 
ing periods, four animal groups (notthe 
same) made up 33.8 and 72.1 per cent, 
respectively, of the foods of Horseshoe 
Lake raccoons, as determined by fecal 
residues, and three other groups showed 
as traces in both periods (Table 1). 

Insects. In the pre-hunting sam- 
ple, insects were the most important 
food, totalling nearly one-third of the 
fecal bulk, but in the post-hunting 
series they were fourth in importance 
(5.9 per cent), a decline to be expected 
with the advancing season. Beetles, 
both land and water forms, were easily 
the most important; true bugs (Hemip- 
tera) were second; and grasshoppers, 
crickets, crane flies, ants, and dragon 
fly larvae occurred in traces or small 
quantities in early autumn scats. Grass- 
hoppers and water beetles were the 
commonest insects in the post-hunting 
collection. 

Crayfish. Unlike the previous IIli- 
nois study (Yeager and Rennels, 1943), 





crayfish were of little importance to 
raccoons at Horseshoe Lake. We do not 
know whether this was due to scarcity 
of crayfish or to the abundance of other 
food, or both. The autumn sample con- 
tained few, and the post-hunting sam- 
ple practically none, as would be ex- 
pected. 

Mollusks. Traces of snails and of 
mussels were present in the two collec- 
tions; both could have been taken easily 
along the lake shores. 

Fish. The scales of a gar (Lepisos- 
teidae), probably killed by a fisherman, 
were present in three pre-hunting scats 
(in two only as traces) but no other fish 
remains were found. In 14 post-hunting 
scats, fish remains constituted less than 
one per cent of the bulk; they were 
mostly gizzard shad (Dorosoma cepedia- 
num) which often die and float during 
the winter. 

Birds. Prior to the opening of the 
hunting season, corn, insects, and wild 
grapes made up nearly three-fourths of 
raccoon food; thereafter, and until at 
least mid-January, birds (nearly all 
Canada geese, Branta canadensis) con- 
stituted practically two-thirds of the 
total fecal volume. The importance of 
birds for the two periods is apparent 
from the great difference in the per- 
centages by bulk, 3.2 vs. 65.1. Such 
changes in feeding can be explained 
only by the sudden and continued 
availability of many dead and crippled 
waterfowl. 

Most of the avian remains in pre- 
hunting scats were of geese, probably 
from the 150 or more pinioned and crip- 
pled Canada geese permanently resi- 
dent on the refuge. Two pre-hunting 
scats contained chicken feathers; the 
passerine remains consisted of a cardi- 
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TaBLE 1.—Foops oF Raccoons on HorsesHor Lake GaME REFvGgE, ILLINoIs, BEFORE AND 
AFTER THE 1942 HuntTinG SEAson. 


(All figures are percentages) 














cepedianum) 


Corn (Zea mays) 


Acorns (Quercus) 


Sand and gravel 
Shot (No. 2, lead) 








Pre-hunting sample | Post-hunting sample 
116 scats 107 scats 
Occur- Occur- 
rence Bulk rence Bulk 
Animal Foods 
Insects (chiefly Coleoptera and Hemiptera) 94.0 30.3 77 .6 5.9 
Crayfishes (Cambarus) 12.9 0.2 3.7 tr. 
Snails (Physa and Stagnicola) 0.9 tr. 4.7 tr. 
Mussels (Unionidae) 0.9 tr. 4.7 tr. 
Fishes (chiefly Lepisosteidae and Dorosoma 
2.6 tr. 13.1 0.6 
Birds (chiefly Branta canadensis) 20.7 3.2 87.9 65.1 
Mammals (chiefly Sylvilagus and Peromyscus) 9.5 | 3.7 0.5 
PN toa oe wt hacer ce ella aici SS aie 33.8 72.1 
Plant Foods 
56.9 21.0 55.1 8.2 
Wild millet (Echinochloa) 4.3 tr. 1.9 tr. 
Greenbriar (Smilaz) os — 13.1 2.6 
Pecan (Carya pecan) 28.4 7.2 6.5 0.5 
Hazelnut (Corylus americana) Fe tr. 29.9 7.6 
30.2 8.4 11.2 1.3 
Hackberry (Celtis) 4.3 2.1 > Be i tr. 
Climbing buckwheat (Polygonum scandens) 0.9 tr. on4 tr 
Smartweeds (Polygonum) 0.9 tr. 2.8 tr 
Poleberry (Phytolacca decandra) 26.7 1.9 3.7 tr. 
Pawpaw (Asimina triloba) 6.0 se 0.9 0.1 
Tick clover (Desmodium) 4.3 tr. 2.8 tr. 
Bittersweet (Celastrus scandens) — — 1.9 0.2 
Wild grapes (Vitis) 50.0 19.2 26.2 0.1 
Ampelopsis (A mpelopsis cordata) 13.8 ee Lo tr 
Tupelo gum (Nyssa aquatica) 3.4 0.1 34.6 0.6 
Persimmon (Diospyros virginiana) 6.0 0.8 0.9 tr. 
Buttonbush (Cephalanthus occidentalis) 5.2 tr. 49.5 6.1 
Miscellaneous vegetation 62.7 0.6 4¢ 1.2 
NE isis leer careless Sd chars iatart ar ecieian oe 63.5 22.5 
Detritus 
Soil (chiefly silt, not sand) 15.5 2.1 35.5 4.0 
— — 20.6 0.3 
—_— — 0.9 tr. 
I eT eee Mee Me cneie 2.1 4.3 











nal, two or more grackles, and a few 
smaller birds. 

In the post-hunting series more than 
95 per cent of all avian remains were of 
the feathers, bones, and indigestible 
parts of the feet from geese. The latter, 
including the wrinkled, leathery foot 
pads, were found in 19 (17.8%) of the 
107 scats. This foot-chewing habit of 
raccoons was noted in a previous Illinois 





study (Yeager and Rennels, 1943). 
Duck feathers were found in only four 
scats. This indicates the infrequency 
with which ducks are shot by Horseshoe 
Lake hunters, who are interested mainly 
in geese and operate from blinds or pits 
some distance from water. As a group, 
birds were more than four times as 
common in the second series of scats as 
in the first (87.9 vs. 20.7%). 
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The 1942 crippling loss at Horseshoe 
Lake was estimated at 1,000 geese, 
about 14 per cent of the 7,000 killed. In 
1943, R. E. Yeatter (1944) and Paul 
Smith (letter, April 9, 1944) estimated 
the crippling loss at 2,000 and the kill at 
14,000, again about 14 per cent. The 
crippling loss thus appears to be roughly 
proportional to the shooting pressure. 
There are always many geese available 
to raccoons and other carnivores during 
and for a time after the hunting season. 
Utilization by fur animals prevents 
these birds from being wasted entirely. 

Mammals. The absence of any trap- 
ping and of hunting for rabbits and 
squirrels in the refuge tended to reduce 
the availability of mammal carcasses 
(carrion) to raccoons; and the abun- 
dance of other food undoubtedly re- 
duced pressure on small mammals. Cot- 
tontail or swamp rabbits and white- 
footed mice were the chief mammalian 
foods. 


PLANT FOODS 


Ten plant genera (not the same) plus 
a little miscellaneous vegetation, com- 
prised 63.5 and 22.5 per cent, respec- 
tively, of the pre-hunting and post- 
hunting foods. A total of 16 genera (6 as 
traces) were identified in the autumn 
series and 18 genera (8 as traces) in the 
winter material. 

Corn. Corn is grown both on and 
around the refuge and is one of the most 
important autumn staples of the rac- 
coons, amounting to 21.0 per cent. In 
winter scats the volume was reduced to 
8.2 per cent, but occurrence was prac- 
tically the same, 56.9 vs. 55.1 per cent. 
The volume eaten during the winter 
probably was decreased with the abun- 
dance of geese; but occurrence remained 


high because raccoons used corn in the 
crops of the geese eaten. Corn also wa; 
taken directly by the raccoons from the 
island feeding grounds where sever] 
thousand bushels were scattered for the 
geese during November and December. 
This food, therefore, was available jy 
quantity until late December and fie 
residues were available throughout the 
winter. Decreased use during the winter 
is believed to be due to the abundance 
of crippled geese concomitant with the 
decline in the quantity, availability, 
and palatability of corn. 

Greenbriar. Species of Smilax ar 
common on the refuge and in time of 
food scarcity probably would be used 
more extensively than proved to be the 
case in this or the previous Illinois 
study. Since the fruits characteristically 
occur near the ground, there is no 
change in availability, but the ripening 
action of frosts evidently increases their 
palatability. At Horseshoe Lake there 
is seldom frost before mid-October. 
There were no greenbriar fruits in the 
earlier scats, but they formed 2.6 per 
cent of the winter sample, despite the 
abundance of other food. 

Pecan. Nuts of the wild pecan are 
highly palatable as raccoon food in Illi- 
nois (Yeager and Rennels, 1943). Few 
pecan trees remain near Horseshoe 
Lake, yet 28.4 per cent of the early scats 
contained remains of the nuts. Ev- 
dently they are much sought after, and 
the supply is exhausted in autumn by 
the raccoons, squirrels, and other spe- 
cies. This situation would explain their 
low frequency in the January collection. 

Hazelnut. This species is quite com- 
mon on and around the refuge. A good 
crop of nuts was produced in 1942, but 
few fell before killing frosts and thus 
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were not readily available to raccoons 
when the first scat collection was made. 
Hazelnuts are quite palatable when eas- 
ily obtained as indicated by being in 
99.9 per cent of the winter scats and 
forming 7.6 per cent of the total bulk. 

Acorns. Several species of white 
and black oaks occur on the refuge, and 
raccoons used acorns in considerable 
quantities during early autumn (Table 
1). There was no dearth of acorns on 
the ground after mid-October and the 
failure of raccoons to use them exten- 
sively later indicated that other availa- 
ble foods were preferred. 

Pawpaw. This plant is not abun- 
dant on the refuge and was unimportant 
for the raccoons as indicated by low oc- 
currence and volume in both samples. 

Bittersweet. Although fairly common, 
bittersweet produced little fruit in 1942 
and was a minor food item. 

Wild Grapes. As would be expected, 
wild grapes provided much of the 
early autumn food of the local rac- 
coons, nearly one-fifth. Their occur- 
rence was 22.2 per cent in the post- hunt- 
ing sample, seemingly high for a fecal 
bulk of only 0.1 per cent. The most 
likely explanation of this, as well as win- 
ter occurrence of grape seeds, is that 
they were taken by geese in shallow wa- 
ter beneath the hundreds of shoreline 
grapevines, and then in turn by rac- 
coons feeding on the geese. A few grape 
seeds were found in some goose crops. 

Tupelogum. The seed of this tree 
isa drupe about one inch long, and more 
than half of the volume consists of a 
single wooden-like seed deeply fissured 
longitudinally. The fruits are abundant 
and usually drop into the water during 
the late autumn. They then contain a 
sour flesh which soon disintegrates to 








Raccoons AND GEESE—Yeager, Elder 53 





leave only the seed and leathery skin. 
In the latter state, it is doubtful if rac- 
coons take tupelo gum fruits as food; 
yet the data show 10 times greater fre- 
quency and 6 times greater volume in 
the post-hunting sample. The seeds 
may have been taken secondarily from 
geese, as there were goose feathers in 32 
of the 37 scats containing tupelo seeds. 
Gum seeds were found in the crops of 
several geese collected at Horseshoe 
Lake. Wild turkeys (Judd, 1905) also 
have been reported to consume tupelo 
seed. In both species the hard, woody 
pits probably are taken as grit. 

Buttonbush. Known to be a com- 
mon food of ducks in the Illinois 
River Valley (Bellrose and Anderson, 
1943), buttonbush seeds are also taken 
frequently by Canada geese at Horse- 
shoe Lake, where the shrub is abundant. 
Digestive tracts of crippled geese 
showed buttonbush to be taken regu- 
larly as a starvation food. Birds dying of 
lead poisoning frequently had their 
crops distended with these seeds. The 
viscera are the first parts of a carcass 
eaten by raccoons, and the buttonbush 
material is evidently ingested in this 
manner. This is substantiated by find- 
ing the remains of geese in 49 of the 53 
post-hunting scats containing button- 
bush, whereas only 5 per cent of the 
pre-hunting scats contained these seeds. 
The trace found in the earlier collection 
suggests that buttonbush is occasion- 
ally ingested with aquatic foods, such as 
crayfishes, snails, and insects. 

Other plant foods. Several other spe- 
cies or groups were taken in small 
quantities during the autumn, but 
were represented only by traces in win- 
ter scats. These included hackberry, 
pokeberry, ampelopsis (a grape-like 
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vine), and persimmon. Still others were 
present as traces in one or both samples, 
some probably being eaten incidentally 
with other food. Hackberry (Giles, 
1939), pokeberry, and persimmon (Yea- 
ger and Rennels, 1943), are of known 
value as foods, but were not used to the 
limit of their availability because of the 
abundance of other provender. 


SOIL AND GRAVEL 


Silt, often of gumbo consistency, was 
present in both series. Much of this ma- 
terial probably was ingested with cray- 
fishes, insects, fishes, and other foods 
found on the shore. The greater oc- 
currence and volume of silt in the 
winter sample probably resulted from 
use of the gizzards and crops of geese as 
food. The absence of sand and gravel in 
the autumn sample and its common oc- 
currence in winter scats also seems re- 
lated to the use of crops and gizzards as 
food. Some pebbles, nearly a half-inch 
in greatest dimension, undoubtedly had 
been taken as grit by the geese. The one 
lead shot found was a No. 2, the stand- 
ard size used for hunting geese; it was 
either embedded in goose flesh or pres- 
ent in a goose gizzard. 


EFFECT oF Foop 
AVAILABILITY 


The importance of availability in the 
feeding habits of birds and mammals 
has been clearly pointed out by many 
authors (McAtee, 1932; Errington, 
1937; Hamilton, 1939, 1940; and oth- 
ers). The present study gives further 
evidence of this principle, as illustrated 
by the raccoon. At Horseshoe Lake, 
however, the simultaneous abundance 
of several presumably high-quality 
foods—geese, corn, hazelnuts, and oth- 


ers—permitted selective feeding, where. 
in the influence of actual preference, 
and, perhaps, the “novelty” effect of 
new foods, may have been exercised. 
The tendency to use foods in proportion 
to their availability may have been 
modified on the refuge by unusual and 
varied abundance. Utilization, how- 
ever, was strongly seasonal, usually be- 
ing greatest at the time of peak ripe- 
ness, fortuitous provision, or some other 
aspect of the availability-abundance 
complex. This was clearly evident in 
such pre-hunting foods as insects, pe- 
cans, corn, and wild grapes, all eaten in 
largest volume when most abundant, 
Acorns, on the other hand, probably 
were as abundant on the ground for 
some time after mid-October as before, 
yet a distinct decline in use was indi- 
cated by the winter scats. This prob- 
ably resulted from the sudden availabil- 
ity of preferred foods in large quanti- 
ties, in this case Canada geese. Pro- 
gressively declining palatability may 
also be a reason for declining use, and if 
so this may properly be considered a 
factor of availability. 

During the post-hunting period, geese 
became the most abundant and availa- 
ble food for raccoons; these factors, plus 
high palatability, account for utiliza- 
tion that amounted to two-thirds of the 
winter diet. Two other post-hunting 
foods, hazelnut and greenbriar, both 
much less important on the refuge than 
geese, were utilized most at the time of 
greatest availability ; hazelnuts dropped 
to the ground and became accessible 
after mid-October; greenbriar fruits 
were ripened by frosts during late Oc- 
tober and hence reached a suitable state 
of ripeness. Both were taken more fre- 
quently after these events than during 
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the pre-hunting period. The remaining 
two of the five preferred winter foods, 
corn and insects, maintained relatively 
high rank because of their continued 
presence and accessibility. In southern 
Illinois many insects are active until 
late in the autumn and obtainable by 
raccoons from logs, litter, and water 
during at least a part of every month. 


OTHER CARNIVORES 


Red and gray foxes were second only 
to the raccoons in the use of dead and 
crippled geese. The population of red 
foxes was high, as tracks and dens were 
common along service roads and trails, 
and the available sign indicated that 
they fed heavily on geese. A common 
habit seemed to be that of chewing the 
feet of goose carcasses as already noted 
by Errington (1937) in respect to foxes 
and poultry. 

Skunks and opossums also left con- 
spicuous feeding sign; their tracks were 
common in the mud and occasionally 
in snow around mangled goose car- 
casses. Like raccoons, both usually ate 
from the bodies where found, moving 
them only over a small area during the 
process. From so much ground feeding 
activity, the raccoons probably ob- 
tained part of the silt found in their 
scats. Dogs occasionally carried the 
carcasses for some distance, and minks 
showed a tendency to drag them to shel- 
ter, usually beneath a log or windfall. 
Sign and scats of mink were scarce, but 
some of their droppings contained goose 
feathers. 


SUMMARY 


Horseshoe Lake Refuge, Alexander 
County, Illinois, an old ox-bow of the 
Mississippi River, is 3,544 acres in area, 


of which about 2,400 acres are open wa- 
ter and cypress-tupelo gum swamp. An 
“island” of 1,400acres is largely cleared; 
it is used in summer to grow food for 
geese and as a site for feeding geese in 
winter. 

About 40,000 to 50,000 Canada geese 
winter on the refuge; the annual kill has 
varied from 7,000 to 18,000, and re- 
cently is thought to average about 10,- 
000. Crippling losses amount to 1,000 to 
2,000 birds each season, almost all of 
which become food for raccoons and 
other carnivores. 

To compare the effect of this heavy 
crippling loss on the diet of raccoons, 
116 pre-hunting season scats and 107 
post-hunting season scats were ana- 
lyzed. By bulk, the pre-hunting (early 
autumn) food was 33.8 per cent of ani- 
mal materials, 30 per cent being insects. 
In the post-hunting (winter) sample, 
72.1 per cent was of animal origin, 65.1 
per cent being Canada geese. Vegetable 
material amounted to 63.5 and 22.5 per 
cent, respectively, in the two collec- 
tions. Detritus, chiefly soil and gravel, 
constituted 2.1 per cent and 4.3 per 
cent, respectively. 

For all foods, availability determined 
the time of maximum utilization. The 
dominating position of geese over all 
other foods for raccoons during the win- 
ter is the expected result of great abun- 
dance, maximum availability, and high 
palatability. 

Carnivores other than raccoons utiliz- 
ing the geese included red foxes, gray 
foxes, opossums, minks, skunks, and 
feral dogs. No quantitative measure- 
ment of such use by these species was 
obtained. 

Limited utilization of the geese by 
fur animals prevented complete loss, 
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but this return on the number of birds 
involved, even as a by-product of hunt- 
ing, is considered inadequate. 
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MUSKRAT INVESTIGATIONS IN TEXAS! 
Daniel W. Lay 


Game, Fish and Oyster Commission, Austin, Texas 


The Louisiana muskrat (Ondatra z1- 
bethica rivalicia) is the major crop on 
about 260,000 acres of marsh on the 
southeastern Texas coast east of Gal- 
veston. Trial management efforts in 
three types of marsh in that region have 
been described (Lay and O’Neil, 1942). 
The present paper summarizes subse- 
quent developments on one of these 
areas and life history observations since 


1 Part of Federal Aid in Wildlife Restora- 
tion Project, Texas 1-R. 


1938. About 70 days were spent in the 
marsh and along the lines of several 
trappers on the James B. Jackson ranch 
in Chambers County near High Island 
during the winter of 1943-44. Unless 
otherwise specified, the following dis- 
cussion refers to this area. 


POPULATIONS 


Since the construction of 16 miles of 
levees on the Jackson marsh of 4,300 
acres in 1940, the winter catch of musk- 
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rats has increased from 6,725 in that 
year to 22,000 in 1943, and many more 
could have been taken safely. This in- 
crease cannot be credited entirely to the 
levees because muskrats increased some- 
what on the unleveed part of the marsh, 
but the value of the levees in making 
permanent marsh of low prairie has 
been demonstrated conclusively. Musk- 
rats Were aS numerous on the leveed sec- 
tions as anywhere on the ranch. The in- 
creased catch on the 4,300 acres during 
the four years was from 1.5 to 5.1 per 
acre, despite severe hurricanes in 1942 
and 1943. 

The summary of bed counts (Table 
1) is another index of the*increase in 


TasLE 1.—Counts oF Muskrat BeEps, 
JacKSON Rancu, CHAMBERS COUNTY, 


TEXAS. 
Beds 
Acres 
censused Beds jm 
cre 
April 2, 1941; 566 .6 68 0.1 
aerial, 4 strips 
Nov. 13, 1941; 778.6 61 0.1 
aerial, 4 strips 
May 4, 1943; 778.6 939 1.2 
aerial, 4 strips 
Nov. 26, 19438; 37.6 294 7.8 


walking, S. ends 
of strips 1 and 2 


population density. A census area of 
778.6 acres in four adjoining strips each 
about two miles long was used. The 
strips were separated by the levees con- 
structed in 1940. Muskrat beds were so 
scattered in 1941 that they could be 
counted individually with ease by flying 
along each side of a strip at about 400 
feet altitude in April and November 
when there was a contrast between the 
colors of the beds and the marsh vege- 
tation. Such counts are possible only 
when the marsh vegetation is green. In 
1941 the April count was 0.10 beds per 
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acre and that in November was 0.08. In 
May 1943 many more were present; the 
counts averaged 1.2 per acre, but beds 
were so numerous that this figure prob- 
ably is too low, because of difficulty in 
counting. Beds were too numerous to 
count from a plane in November 1943, 
but photographs taken then disclosed a 
uniform high density both on the strips 
and the balance of this marsh. 

Sample strip counts by walking the 
marsh in November 1943 gave an aver- 
age of 7.8 beds per acre on 37.6 acres. 

These counts were made between 
landmarks so that the length of each 
strip could be taken from a large-scale 
map. Each was one chain wide and 
every “‘live’” bed within one half chain 
(33 feet) of the course was counted. No 
effort was made to classify the types of 
beds, but feeding platforms and small 
structures, probably not permanently 
occupied, were omitted. The sample 
strips were located with the aid of aerial 
photographs to ensure fair samples. 

The reliability of bed counts is some- 
times questioned, but on any particular 
marsh an increase or decrease in num- 
ber of beds signifies the relative change 
in numbers of muskrats. Between dif- 
ferent marshes there are likely to be dif- 
ferences in the amount of use made of 
beds. Along stream banks and large lev- 
ees and in deep peat soils fewer are 
built, and more of the muskrats live in 
burrows; this fact must be considered 
in converting bed counts to numbers of 
muskrats. On the Jackson marsh, prac- 
tically all muskrats use beds, hence the 
counts are thought to indicate actual 
numbers of muskrats. 

The recognition of live beds involves 
a limited amount of error. Inspection of 
a live bed usually shows fresh cuttings 
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nearby and fresh material on the bed, 
tracks, or muddy water. During periods 
of activity any live bed will show some 
such sign. In warm weather, when there 
is little activity, live beds cannot be rec- 
ognized with accuracy. During winter 
a bed caves in about one month after 
the occupants are trapped out. Any bed 
in good repair can be assumed, there- 
fore, to have been occupied within the 
previous month. 

There has been much speculation on 
the number of muskrats per bed. Some 
trappers say 3 adults, and others 15 or 
20. The number doubtless varies as does 
the size of the beds, but an average of 
trapable muskrats per bed would be a 
useful figure. 

On a study area of 31.6 acres having 
230 beds, 648 muskrats were taken dur- 
ing the 1943-44 season, or 2.8 per bed. 
The trapping pressure was rather heavy 
and there is always likelihood of influx; 
but after the end of the trapping season 
Mr. Jackson reported most beds in this 
area showing fresh signs of activity. My 
interpretation is that where all the 
muskrats live in beds, 2.5 per bed is a 
proper harvest without jeopardizing the 
breeding stock and the next season’s 
catch. In predicting the number of 


muskrats that a certain marsh will yield 
two per bed is a conservative figure, a]. 
lowing for difficulties in trapping, warm 
weather, and movements of the musk. 
rats. 
TRAPPING SEASON AND 
PELAGE QUALITY 


A principal consideration in setting 
dates for any trapping season is the pe- 
riod when fur is prime and hence of 
maximum value. For a number of years 
the Texas trapping season has been four 
months (Nov. 16—March 15). Duringthe 
1943-44 season 431 pelts were collected, 
by half-month periods, for grading to 
determine seasonal differences. These 
were taken by the writer and processed 
uniformly by using the same set of 
stretchers and the same fleshing wringer. 
Each of the eight groups represented an 
entire catch from a definite section of 
the lines, and varied from 41 to 71 skins, 
Most of the pelts were taken over sev- 
eral days during the middle of a period. 
All of the pelts were graded in New 
York by the person who grades all 
study pelts from the U. S. Fish and 
Wildlife Service. 

The grades as to pelt quality and the 
size classification are shown in Tables 2 
and 3. The maximum percentage of 


TABLE 2.—GRADES OF 430 Texas MuskRaT PELTsS COLLECTED DuriNG E1ent Hatr-Monts 
Periops (Nov. 16 to March 15). 
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—Size CuassiFicaTions oF 409 Texas Muskrat Petts CoLLEcTED DuRING 
Erent Hatr-Monta Periops (Nov. 16 to March 15). 
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Tops was taken in January and the first 
half of February, and that of II’s in 
November and March, with the low 
point roughly coincident with the peak 
in Tops (Fig. 1). 

So far as the fur grade is concerned, 
itis obvious that muskrats taken in No- 
vember and March are distinctly in- 
ferior. Prices paid by fur buyers for the 
early and late pelts in normal years are 
reduced somewhat in proportion to the 
grades, but most trappers and marsh 
operators favor a long trapping season 
and many trap throughout the entire 
season. Some of their reasons are valid 
from the standpoint of the well-being of 
the marsh and of the muskrats. 

Trapping success varies indirectly 
with the temperature; cold clear nights 
of ideal weather are rare on the Gulf 
Coast. In some years January is warm 
and foggy with almost no suitable trap- 
ping weather, and the catches are not 10 
per cent of those made on clear, cold 
nights. Undertrapping results in over- 
population, yields eatouts which de- 
stroy the marsh habitat, and eventually 
leads to low populations. Dense popula- 
tions approaching the “eat-out’”’ stage 
must be thinned, regardless of declining 
fur values in late February and March. 

Some excessive trapping occurs, but 
not necessarily because of the long sea- 
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Fig. 1. Proportions of Tops and II’s among 
Texas muskrat pelts by half-monthly periods, 
November 16 to March 15. 


son. Trappers and operators can start 
and stop their trapping according to the 
needs of their own marshes and muskrat 
populations. Over-trapping results tem- 
porarily in low populations but with no 
damage to the marsh vegetation, and 
probably will continue on ill-managed 
marshes, regardless of the length of the 
legal trapping season. 

The four month season spreads the 
income of trappers and operators over a 
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longer period and enables the operators 
to obtain better trappers. With a 
shorter period it would be necessary to 
have more trappers and shorter trap- 
lines to harvest the crop properly. This 
would result in more disturbance and 
more trampling of runways; also most 
Texas marshes are isolated and difficult 
to divide into trapping blocks. Several 
large owners begin to trap early in De- 
cember and end their work according to 
the weather, their trapping success, and 
the condition of the marsh. Often they 
trap for only 70 or 80 days, but they 
need the opportunity to trap for a 
longer period if necessary. 

Unlike certain other state game de- 
partments, the Texas Game, Fish and 
Oyster Commission does not have 
power to lengthen or shorten the trap- 
ping period according to the amount of 
good trapping weather. Even with such 
regulation, the individual trapper would 
have to determine how many muskrats 
to remove from each section of a marsh. 

Another advantage of a longer season 
and larger trapping units is the in- 
creased probability that spots of marsh 
will escape trapping and serve as dis- 
persal centers for restocking any areas 
that may be over-trapped. With a large 
area, the trapper starts around the 
periphery and often never gets close to 
the center of his tract. 

Since muskrats breed all winter, it is 
not possible to establish a trapping sea- 
son that will avoid taking some breed- 
ing females. The low point in winter 
breeding is reached in January (8% of 
adult females in 1944) and the high 
points are in November and March 
(22% and 16.9%, respectively); hence 
if trapping is confined to mid-winter, 
the losses will be smaller. The loss of 


double or triple the number of breeding 
females at the November and March 
ends of the season must be weighed 
against the danger of undertrapping, 
With dense populations and poor trap- 
ping weather it sometimes is difficult to 
prevent over-populations with 120 days 
of trapping. 


PEeLT DAMAGE 


Physical damage to pelts is important 
in the evaluation of southern muskrat 
furs. Of the 430 pelts graded in New 
York, 11.6 per cent were damaged (7.2 
per cent slightly, and 4.4 per cent se- 
verely). This may have been slightly 
higher than normal because of “shal- 
low” trapping, as described below; but 
the information at hand would indicate 
the average is not less than 10 per cent. 

During the season of 1943-44, 1623 
muskrats in traps or freshly taken from 
traps were examined for pelt damage 
and 224 (13.8%) were damaged. The in- 
juries included some minor cuts and 
scars which many fur graders would 
miss or ignore, but any observable dan- 
age was recorded. Of these, 147 were 
diagnosed in the marsh before the musk- 
rats were removed from the traps, as 
follows: 35.5 per cent by other musk- 
rats, 34.0 per cent by marsh hawks, 12.2 
per cent by raccoons, and 18.4 per cent 
by other or unknown causes. Such de- 
termination of pelt damage, however, 
often is impossible at the trap. 

The cases of damage by other musk- 
rats had cuts (usually numerous) but no 
damage to the flesh. Signs of a struggle 
were usually evident, indicating that 
the animal was not killed by the trap. A 
few had fresh and partly healed scars 
from fighting before being trapped. An 
increasing proportion of this type of 
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damage was found in February and 
March, indicating greater intraspecific 
strife, and was not confined to either 
sex. 

The marsh hawk, the only hawk pres- 
ent, was often flushed from muskrats in 
traps, so that identification of this type 
of damage was easy. The birds made 
holes, more or less round, in the exposed 
part of the carcass, pecks of fur were 
scattered around, and varying amounts 
of flesh were missing; all of the work 
had been done by the beak. There was 
rarely any sign of struggle. No hawk 
damage was noted on trapped muskrats 
completely submerged. Since the hawks 
work only in daylight, early running of 
traplines somewhat reduces this dam- 
age. There are considerable winter con- 
centrations of marsh hawks in Texas. 
Counts along trap lines showed one 
hawk in the air per 4 to 10 acres during 
most of the winter. Most trappers poi- 
son the hawks with strychnine placed in 
muskrat carcasses after skinning, and 
one trapper reportedly found 87 dead 
poisoned hawks along his line during 
December 1944. The amount of poison- 
ing reduces hawk damage somewhat, 
but never eliminates the hawks com- 
pletely or the damage to even one trap 
line because there is a constant influx of 
the birds. The above records of hawk 
damage were taken in an area where 
most of the trappers put out poison oc- 
casionally. 

Damage to muskrat pelts by rac- 
coons was more severe, often leaving 
only fragments of the pelt; sometimes 
the liver, loin, and hindquarters would 
be taken, leaving only the head and 
forelegs. Many cases occurred on levees 
where raccoon tracks could be seen, and 
their scats often showed muskrat fur. 
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The amount of damage varies with lo- 
cation of the trap line and the number 
of raccoons previously removed by poi- 
soning and trapping. Marshes adjoining 
prairies and levees have more raccoons. 
The pelt-value of the local raccoon is 
usually about that of a muskrat, so that 
trappers have little incentive to trap 
them and prepare their pelts. The poi- 
soning of skinned muskrat carcasses 
thins out the raccoons, and a few are 
caught in muskrat traps and disposed of 
by the trappers. 

Mink were scarce on this marsh and 
only two cases of damage to muskrats 
(at the same trap on successive nights) 
were credited to these animals. The 
muskrats were damaged principally by 
lacerations on the throat, apparently 
with the mink’s fine teeth. No otter 
were present. 

The other causes of damage to musk- 
rat pelts were varied: a trapped musk- 
rat rarely cuts its own pelt in efforts to 
escape (about 90 per cent are killed by 
the trap), the fleshing wringer enlarged 
some holes in the pelt if the skin was 
passed through without sufficient care, 
and the skinning knife occasionally 
slipped. 

Herring gulls sometimes concentrate 
in themarshesand sit aroundon muskrat 
beds to consume some muskrat carcasses 
after the latter are skinned. Some trap- 
pers charge the birds with damage to 
muskrat pelts, but I have been unable 
to verify this claim. 

The lines studied in connection with 
pelt damage were operated by men who 
set their traps in shallow water, usually 
1 to 3 inches deep. The deepest traps 
yielded a somewhat lower percentage of 
injured pelts. Damage by other musk- 
rats usually was absent if the trapped 
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muskrat was killed by the trap or 
drowned immediately. Hawk damage 
was eliminated if no part of the trapped 
animal was exposed above water, but 
even sets under six inches of water 
would not prevent a trapped muskrat 
from struggling and dying in an exposed 
position. Many conditions, such as a 
low water level, prevent successful deep 
trapping. The percentage of damage 
varied indirectly with trapping success, 
because there were more muskrats in 
the traps on good trapping days to 
share the same predator pressure. 

From the standpoint of marsh man- 
agement, the significance of these pelt 
damage observations may be summa- 
rized as follows: Raccoons and marsh 
hawks (and minks if numerous) are eco- 
nomic liabilities in a muskrat marsh and 
should be reduced by any means possi- 
ble; traps for muskrats should be set as 
deeply as practicable, and the lines 
should be run as early each Gay as pos- 
sible. 


AGE Groups AND AGE Ratios 


The proportions of kitts and mice, 
subadults, and adults taken by trap- 
pers from a marsh depend upon 
whether breeding has progressed nor- 
mally during the preceding year, 
whether the marsh has been seriously 
overtrapped in the current or preceding 
winter, and other factors. 

The catches on cold nights will in- 
clude 6 per cent or more of additional 
adults than those in warm weather. In 
southern marshes the man who persist- 
ently traps in and at beds and is slow to 
move his traps will catch a somewhat 
larger proportion of kitts and mice 
without necessarily having a rapidly in- 
creasing population. Likewise, a group 





of muskrats that includes few large jp. 
dividuals is biologically significant only 
if it is certain the sample has not been 
“skimmed”’ before measurements were 
made. For large operations, the com- 
parison of age groups taken by reliable 
and by questionable trappers can be 
useful in checking on the trappers them- 
selves. 

The only references I find to muskrat 
age groups are for more northern re- 
gions. In Iowa, Errington (1937) found 
27.1 per cent adults and 72.9 per cent 
subadults among 181 muskrats trapped 
in November and December. The sub- 
adults are the young of the year, none of 
which have bred. Following Errington’s 
standard, Highby (1943) checked 3,045 
Minnesota muskrats taken in Decem- 
ber and found 24.1 per cent adults to 
75.9 per cent subadults. 

Since breeding is almost or entirely 
continuous in Texas, and growth rates 
probably vary with numerous factors, 
the muskrats there do not separate eas- 
ily into two or more definite groups, as 
they do in localities where the young of 
the previous spring and summer make 
up a group distinct from adults of other 
years. Therefore a somewhat arbitrary 
grouping was necessary. My objective 
in defining three groups has been to sep- 
arate the kitts and mice (or young) and 
the full adults from those large enough 
to breed but not fully mature as to size 
and thickness of pelt. This middle 
group of subadults measures approxi- 
mately 460 to 509 mm. in total length. 
The kitts and mice have a thin papery 
pelt, distinguishable from the thicker 
subadult pelt, and they are smaller in 
size. In marginal males, at least one tes- 
tis must have descended to justify 
classification as subadult. Among fe- 
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males, a size comparable with subadult 
males was considered sufficient to distin- 
guish the subadults. Of eight available 
records of measurements of breeding fe- 
males, five were in the size range of 
subadults. Their total lengths were 460, 
490, 500, 500, and 508 mm., respec- 
tively. No attempt was made to evalu- 
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subadult group yields a dry pelt 200 to 
220 mm. from the ear to the posterior 
edge of the skin. 

Age groups were determined by three 
methods for the Jackson marsh during 
1943-44 and the consistency of the re- 
sults validates the three groups (Table 
4). 


TasLE 4.—AGEe-Group DETERMINATIONS IN MusKRATS BY THREE METHODS, JACKSON 
Rancu, 1943-44; atso AGE-Grovup Ratios ON OLD AND New TRAPPING GROUNDS. 














Percentages 
Gump, s08 Method Number “Kitts and Subadults, _ Adults, 
mice, upto 200-220 225 mm. 
195 mm. mm. and over 
Samples along Inspection before 703 8.6 28.3 63.1 
trap lines, skinning 
Jan.-Mar. 1944 
Old and new Total length 95 78 29.4 63.3 
trapping ground, measurement 
Mar. 1944 (sum- 
mary of 2 follow- 
ing groups) 
Shalf-monthsam- Pelt measurement 424 7.8 £7 2 65.6 
ple catches, 
1943-44 
New trapping Total length 49 — 24.6 76 6 
ground, Mar. 1944 measurement 
Old trapping Total length 46 15.2 36.9 47.8 


ground, Mar. 1944 measurement 





ate the slight differences in size of males 
and females. In separating subadults 
and adults, size was the principal cri- 
terion. Those with tough, thick pelts 
were of course unquestionably adults. 
Since muskrats usually are skinned in 
the marsh, it is difficult to inspect them 
before skinning or to obtain total length 
measurements. Considerable data have 
been collected on substitute measure- 
ments of dried pelts. This introduces 
several variables, but the probable error 
can be reduced easily by making more 
measurements. Pelt measurements are 
discussed in detail elsewhere; but the 





By the standards defined above, 703 
freshly trapped muskrats inspected 
along trap lines before skinning and 
classified as to age during January, 
February, and March 1944, comprised 
8.5 kitts and mice, 28.3 subadults, and 
63.1 adults per hundred. The sex ratio 
of the 703 muskrats was 58.7 per cent 
males to 41.3 per cent females, a figure 
approximately representative of all 
available Texas data. The age-group 
ratio by sex shows an increase in the 
proportion of males with increasing age 
(see discussion on sex ratios). The males 
included 7.2 per cent kitts and mice, 
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25.9 per cent subadults, and 66.8 per 
cent adults; and the females 10.3 per 
cent kitts and mice, 31.7 per cent sub- 
adults, and 57.9 per cent adults. 

A second determination of age groups 
was based on measurements of total 
length. During the first week in March 
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Fig. 2. T-frame for measuring muskrat pelts; 
position of pelt indicated by broken lines. 


1944, 49 muskrats were taken on about 
25 acres which had not been trapped for 
more than a year; and 46 muskrats were 
taken from a nearby 30-acre area which 
had been trapped almost continuously 
since November 1943, and already had 
yielded 20 muskrats per acre. The catch 
on the “new” ground was 24.5 per cent 
subadults and 75.5 per cent adults. The 
catch per trap-night on the “old” 
ground was almost as good in number as 





on the “new” ground; but the animals 
were smaller, yielding 15.2 per cent 
kitts and mice, 36.9 per cent subadults, 
and 47.8 per cent adults. These two 
small samples show the results of differ. 
ent management. The age groups of the 
samples from the two trap lines, when 
combined, were about the same as for 
the 703 muskrats classed by inspection, 
being 7.3 per cent kitts and mice, 29.4 
per cent subadults, and 63.3 per cent 
adults. 

A third determination of age groups 
on the Jackson ranch was made from 
measurements of 424 pelts, in eight half 
month samples, during the 1943-44 sea- 
son (Fig. 3). The result was 7.3 per cent 
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Fig. 3. Measurements of 424 Texas muskrat 
pelts graded in New York. 


kitts and mice, 27.1 per cent subadults 
and 65.6 per cent adults. These afford 
an additional check of the age group ra- 
tios among muskrats on this ranch dur- 
ing 1943-44. 

Total length and pelt measurements 
were made on the Barrow and McFad- 
din ranches during the season 1939-40 
and afford examples of the variations 
between marshes. The 67 total length 
measurements (included in Figure 4) 
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are all that are available, 52 being from 
the Barrow marsh. The age group ratio 
was 16.4 per cent kitts and mice, 41.8 
per cent subadults, and 41.8 per cent 
adults. This small sample gave results 
close to those of 1,139 pelts measured 
on the Barrow ranch in the same season. 
Since the age group ratio on the Barrow 
ranch was similar to that on the Jack- 
son trapline (which already had yielded 
90 pelts per acre), I interpret the ratios 
as indicating heavy if not excessive 
trapping pressure. 

A summary of 10 pelt-measurement 
samples of age groups from five marshes 
(Table 5) shows that the Jackson ranch 
data for 1943-44 probably are represen- 
tative of a moderately trapped coastal 
marsh in Texas. The writer is thor- 
oughly familiar with the Jackson marsh 
and the details of its management for 
the past five years; there is little doubt 
that trapping pressure has been mod- 
erate, removing less than the annual in- 
crement. The four sets of measurements 
for the McF addin ranch when compared 
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with the Jackson records, show approxi- 
mately the same percentages of adults 
and slightly more young. This last is the 
largest single muskrat marsh ownership 


Percentages 
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Fig. 4. Percentage distribution of Texas 
muskrats by total-length classes: +--+, 67 
from Barrow and McFaddin ranches, 1939— 
40; --, 95 from Jackson Ranch, Feb. 29- 
Mar. 5, 1944; , the two lots combined. 





in Texas and its trapping management 
seems to be conservative and well or- 
ganized. The two records for the Brous- 
sard ranch (Knight Lake part) show 
approximately normal ratios for De- 
cember 20 but an increase of about 10 
per cent in subadults on January 3, with 
corresponding decrease of adults. The 


TaBLE 5.—AGEeE Groups AS DETERMINED BY PELT MEASUREMENTS FOR MUSKRATS FROM 
Five Texas MARSHES. 














Percentages 
Number : 
Ranch Date Kittsand Subadults, Adults, 
measured ice, up to 200-220 225 mm. 
195 mm. mm. and over 
Jackson 1943-44, 8 half- 424 7.3 27.1 65 .6 
month periods 
McFaddin Dec. 18, 1939 544 11.9 21.3 66.7 
McFaddin Dec. 28, 1939 941 10.2 27.7 62.1 
McFaddin Jan. 4, 1940 567 11.1 21.3 67.6 
McFaddin Jan. 23, 1940 348 2.6 81.0 66.4 
White (Brown’s Dec. 29, 1939 212 8.0 30.7 61.3 
Camp) 
Broussard Dec. 20, 1939 171 7.6 24.6 67.8 
(Knight Lake) 
Broussard Jan. 3, 1940 285 8.1 84.0 57 .9 
(Knight Lake) 
Barrow Dec. 30, 1939 797 22.1 37.8 40.4 
Barrow Jan. 17, 1940 342 10.8 47.1 42.1 
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marsh then was almost dry, enabling 
trappers to trap “closer,” the results 
being the smaller size of the January 3 
catch. The Barrow ranch records show 
the result of close trapping, with pro- 
portionately fewer adults taken. Of the 
five ranches studied, the Barrow marsh 
seems to have been trapped most heav- 
ily, but other factors may have con- 
tributed to the small average size of the 
muskrats taken. The lower percentages 
of kitts and mice from the McFaddin 
and Barrow ranches in late January 
1940', were coincident with a spell of ex- 
ceptionally cold weather. 

For the muskrat marsh manager, age 
group ratios, in the light of all other in- 
formation about a marsh, can be of 
value in two general ways. After deter- 
mining a standard for his particular 
marsh, the relative amount of breeding 
from year to year will give an indication 
of over-trapping. Since subadults ap- 
parently are not more than one year of 
age, an abnormally high catch of adults 
will indicate little or no breeding during 
the previous year. Conversely, an ab- 
normally low proportion of adults indi- 
cates over-trapping in either the current 
or previous season. Comparison of the 
age groups from different trap lines will 
reveal differences between areas and 
trappers, provided conditions as to hab- 
itat and population are uniform. If one 
trapper takes more kitts, mice, and 
subadults than normal for the marsh or 
than from “‘check”’ lines of reliable ef- 
ficient trappers, he may be trapping 
within the beds, or leaving his traps too 
long in one place, or losing some large 
“top”’ pelts. 

The classes used by fur graders are 
roughly comparable with the three age 
categories. Southern fur graders place 





all “kitts and mice” in that age clas. 
the “small” and “medium” are most}y 
subadults in age, and the “I’s,” anq 
“IT's,” and “tops” are adults. Northem 
graders use a slightly different nomen. 
clature; they place as “medium” some 
pelts measuring more than the maxi. 
mum for subadults, and the adults they 
grade as large, X large, and XX large, 
Their “smalls” and ‘mediums’ ay 
mostly subadults in age. 

In the present paper, three age classes 
are recognized. “Kitts and mice” are up 
to 459 mm. in total length and have 
thin, papery pelts not more than 195 
mm. long. “Subadults’”’ (which breed 
but are not fully mature) are 460 to 509 
mm. in total length and have pelts 200 
to 220 mm. long. “Adults” are larger 
than subadults. For a moderately 
trapped marsh, the standard age-group 
ratio is about 8 per cent kitts and mice, 
28 per cent subadults, and 64 per cent 
adults. 

The ratios may be obtained by total 
length measurements before skinning, 
by general inspection before skinning, 
or by pelt measurements; the last is the 
most practicable method. All three 
methods were used on the Jackson ranch 
and the close checks indicate the valid- 
ity of the methods and of the three age 
classes. 

For the most efficient management of 
a muskrat marsh, information on the 
ratio of the three age classes seems to be 
essential, because it facilitates compari- 
sons from year to year and from trap- 
line to trapline of a vital aspect ofmusk- 
rat populations. 


Pett MEASUREMENTS 


For the busy Southern marsh mana- 
ger, the dried pelts are the only prac- 
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ticable source of information on age 
dasses. On most large marshes the 
muskrats are skinned in the field and it 
would require several full days follow- 
ing trap lines to obtain a fair sample. 
When the muskrats are brought to a 
central station for skinning (rare in the 
South), inspection and measurement of 
total length is possible and has some ad- 
vantage in accuracy, since fewer need 
be examined to get a representative 
sample. Even so, the rapidity of pelt 
measurement may enable the operator 
to get a sample large enough to mini- 
mize errors and also save time. Pelt 
measurements have been checked 
against the methods of inspection and 
total-length measurement, with con- 
sistent results on the Jackson ranch 
(Tables 4 and 5). 
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A pelt is measured along the back 
from the posterior edge of the ear to a 
line between the two posterior corners 
of the skin. The ear is the most constant 
point on the head and the line between 
the two corners of the pelt is more con- 
stant than the base of the tail. This 
measurement is best made with a T- 
shaped frame (Fig. 2) having 34-inch 
blocks attached below the ends of the 
T to catch the posterior corners of the 
pelt but let the irregularly shaped edges 
around the tail extend below. The stem 
of the T is graduated at 5 mm. inter- 
vals (130 to 295 mm.). With a helper to 
tally the readings, up to 1,000 pelts can 
be measured in one hour. 

If only the age group ratio is desired, 
the pelts need be tallied merely in three 
size groups; many pelts can be classed 
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Fig. 5. Composite of 4,591 measurements of muskrat pelts from five Texas ranches 


(McFaddin, Broussard, White, Jackson, Barrow). 
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’ easily by eye and doubtful ones meas- 
ured on a T frame with special lines at 
197.5 and 222.5 mm. 

The 4,591 pelts summarized in Figure 
5 summarize the ten sets of measure- 
ments available; they include furs from 
marshes trapped both moderately and 
heavily, and are typical of the size 
classes in Texas muskrat pelts. 

To determine the correlation between 
the two methods of measurement, 52 
muskrats were tagged and measured be- 
fore skinning, and later the pelts from 
the same individuals were measured 
after removal from the stretchers. The 
mean ratio of pelt to total length was 
43.3 per cent and the standard devia- 
tion 2.06 + 0.202, which is interpreted as 
significant. The proportion within one 
standard deviation was 71 per cent, and 
that within 2 standard deviations 94.3 
per cent. Differences in stretching, 
fleshing, and drying affect the correla- 
tion. 

This method of measurement offers 
opportunity to study minor size classes 
such as the oversize groups, but its 
practical use heretofore has been only 
to measure ratios between the three age 
classes. 

Pelt measurements on other fur spe- 
cies may offer similar opportunities, 
provided representative material can be 
obtained. A trial of several thousand 
measurements of opossum and mink at 
buyer’s warehouses proved useless be- 
cause the furs were not the “run of the 
trap line.’ Many trappers and rural fur 
buyers had done some grading and had 
sent different size groups to separate 
markets. 

MuskKRAT BREEDING 

During the mild winter of 1943-44 

376 females of breeding size were exam- 


ined; 51 (13.6%) contained embryog 
and at least 22 others were suckling 
The records for seven of the eight half. 
month periods between November }; 
and March 15 (Table 6), show 22 pe 
cent pregnant in November and 169 
per cent in March, with only 8.0 pe 
cent from January 16 to 31. From 28 to 
75 adult females were examined for each 
period. Such continuous winter breed. 
ing may not be as pronounced during 
colder winters, but seems characteristic 
of the Louisiana muskrat. None of 3] 
adult females, examined between No. 
vember 26, 1939, and January 21, 1949, 
an unusually cold period, showed em- 
bryos, but on February 26, 1940, five of 
18 were pregnant. Of 51 adult females 
examined by O’Neil and the author be- 
tween January 4 and February 9, 1941 
(another mild winter), 18 (35.3%) con- 
tained embryos. 

There are only occasional records 
available from April to October; of nine 
live females handled in September and 
October 1939, one was suckling and the 
other appeared to be in heat on October 
27. Records of young (with eyes still 
closed in all but one case) were found in 
muskrat beds opened, as follows: Au- 
gust 8 and September 9, 1938, and May 
6, 1939, one each date; September 23, 
1940, two of 10 beds; and October 1939, 
44 beds contained no young. The last 
period was very dry and only 14 beds 
were in sites having any surface water. 

The embryos (Table 6) averaged 4.1 
in 51 sets examined during 1943-44, de- 
clining somewhat towards the end of 
the trapping season. Seven litters in 
1939 and 1940 averaged 4.4; and 10 in 
January 1941 averaged 4.3. Arthur 
(1931) records 3.85 as the average en- 
bryo count for 1,058 pregnant females 
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in Louisiana. Svihla and Svihla (1931) 
found 3.7 to be the average for 66 preg- 
nancies. Errington (1939) examined 158 
litters, mostly less than a week old, and 
found an average of 6.5 young; he con- 


Taste 6.—BREEDING Activity AMONG 
FeMALE MuskKRATS IN Texas, NOVEMBER TO 
Marcu, 1943-44. 





Females Percent- Average 

age number 
Preg- preg- of 

Total nant nant embryos 
Nov. 20-28 50 11 22 4.2 
Dec. 3-9 28 4 14 4.5 

Dec. 26-29 61 8 13 4.25 
Jan. 16-31 75 6 8 4.6 
Feb. 1-15 46 6 13 3.8 
Feb. 20-29 45 4 9 4.0 
March 1-10 71 12 7 3.6 
Totals 376 51 14 4.1 


sidered this representative of the true 
average litter at birth for Iowa (O. z. 
zibethica). Smith (1938) gives 4.4 as the 
average number of embryos for 10 fe- 
males trapped (of O. z. macrodon). 


Sex Ratios 


The only record I find on the sex 
ratio in the Louisiana muskrat is by 
Svihla and Svihla (1931); it was 47 
males to 53 females among 600 during 
the trapping season of 1925-26 and 67 
to 33 the next season among 263 speci- 
mens. 

During the winter of 1940, O’Neil 
(MS) examined 1,677 freshly stretched 
pelts at Keith Lake, Jefferson County, 
Texas, and found a ratio of 60 males to 
40 females (1,006 males, 671 females). 
Between December 2 and 12, 806 pelts 
showed a ratio of 64.3 males to 35.7 fe- 
males, and the remaining 871, sexed on 
January 20 and 21, had a ratio of 56 
males to 44 females. 

This decline in the proportion of 
males taken as the season progressed 











was observed in more detail on the 
Jackson Ranch during the winter of 
1943. Trap-line catches were examined 
before skinning in each half-month pe- 
riod from November 1943 to March 
1944 except the first half of January 
(Table 7). For the season, the 1,168 rec- 


TaBLE 7.—Sex Ratios AMONG TEXAS 


Mousxkrats BY Hatf-MontTa TRAPPING 
Periops, 1943-44. 
Per- Males 
Males Fe- centage per 
males of 100 
Males Females 
Nov. 19-28 114 62 64.8 184 
Dec. 2-13 48 31 60.9 155 
Dec. 26-30 105 69 60.3 152 
Jan. 15-30 91 68 §7 .2 134 
Feb. 1-15 106 69 60.6 154 
Feb. 20-29 46 43 Gi 7 107 
Mar. 1-10 182 134 57 .6 135 
Totals and 
averages 692 476 59.2 145 


ords showed an average of 59.2 males to 
40.8 females, beginning in November 
with 64.8 per cent males and ending in 
March with 57.6 per cent. The lowest 
ratio, only 51.7 per cent, was between 
February 20 to 29. This variation was 
coincident with warm weather and the 
smallest catches of the winter. 

Males apparently move about more 
than females, as it was repeatedly found 
that traps set in un-trapped marsh yield 
a higher percentage of males for the first 
week or so. As trapping continues, fe- 
males are caught in increasing propor- 
tion. Since the percentage of young 
animals also increases as trapping is 
prolonged at one place, a careful trap- 
per moves his traps to new ground 
whenever young appear or trapping 
success falls off. It is impossible to de- 
termine the exact sex ratio among 
muskrats in a marsh by that in the ani- 
mals taken by commercial trappers, 





70 JouRNAL or WILDLIFE MANAGEMENT, VOL. 9, No. 1, JANuARY, 1945 


since the methods of setting and moving 
the traps affect the ratio. The records 
in Table 7 were taken on lines which the 
trappers did not leave for long in any 
one position. The decline in the percent- 
age of males shown in the table is that 
of a moderately trapped marsh and not 
of a single line in one position, which 
would have yielded more females. 

During the last week in February 
1944, a line of 24 traps was set in an un- 
trapped area of about 25 acres, ad- 
jacent on three sides to marsh which 
had been trapped moderately since De- 
cember. The 49 muskrats taken showed 
the same sex ratio as the mean for the 
season on all 1,168 animals checked— 
59.2 males to 40.8 females. A nearby 
area of 30 acres, which had already 
yielded about 20 muskrats to the acre, 
was trapped on the same days and 
yielded 46 muskrats with a ratio of 56.5 
to 43.5. The difference (2.7%) in the 
number of males may not be significant 
but agrees with the trend indicated 
(Table 7). 

Dozier and Allen (1942) summarized 
15 sex ratio records for several races of 
muskrats by a number of authors and 
their findings as a whole resemble the 
above figures. Among 9,895 muskrats 
trapped on the Blackwater Refuge, 
Maryland, in 1941 there were 56 males 
to 44 females. For 1942 on the same area 
the ratio was 58 males to 42 females 
(Dozier, 1944). There was a majority 
of females among the kitts in both 
seasons. The Texas data are too limited 
to determine fully the sex ratio of kitts; 
but it may be significant that among 69 
kitts in January and February, 1944, 
the ratio was 47.8 males to 52.2 females. 

A regrouping by age classes of 703 of 


the above Texas observations shows a 
progressive increase in the proportion of 
males trapped with age: of 60 young 50 
per cent males, of 199 subadults 53.7 
per cent, and of 444 adults 62.2 per 
cent. 


WEIGHTS 


Only 99 weights of Texas muskrats 
are available. Those from the slightly 
brackish Barrow marsh were heavier, 
probably due mainly to a more limited 
definition of ‘‘adult,” and those from 
the saline Searim marsh are somewhat 
smaller because of differences in habi- 
tat. The two groups of weights com- 
bined give the most representative ay- 
erage figures available: 1,069 grams for 
59 males, 1,041.3 grams for 40 females. 
Since averages of such small groups de- 
pend largely on the method of separat- 
ing the adults from others, no accurate 
comparison can be made between Texas 
weights and those published for other 
states. Dozier and Allen (1942) found 
an average of 1,020.5 grams for 9,311 
“adults” of O. z. macrodon; but their 
“adults” are not comparable with the 
Texas “adults’’ because they included 
all animals over 1 pound, six ounces or 
kitt size. No such definite limit has been 
used by the writer or by most other 
workers who have reported on weights. 


PREDATION 


With the high breeding potential of 
the species, it is inevitable that mortal- 
ity is high. The marsh manager endeav- 
ors to substitute trapping for part of the 
natural mortality. Marsh hawks and 
raccoons are the common winter preda- 
tors in the Jackson marsh. The losses 
chargeable to water moccasins during 
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the warmer parts of the year probably 
are considerable but have not been de- 
termined. Losses by fighting among the 
muskrats may be large at times. 

Marsh hawks have been observed 
carrying off live kitts, but this is limited 
by the amount of daylight activity of 
the muskrats and may not occur often; 
as these hawks also do considerable pelt 
damage, it is desirable to reduce them. 
Raccoons dig into muskrat beds and, 
occasionally leave signs of preying on 
muskrats. Since they also do so much 
pelt damage, they are controlled as 
much as practicable. 

Mink are uncommon on the Jackson 
marsh, but in Jefferson County the 
skeletons of numerous muskrats were 
found inside and near two dens of 
breeding minks. Alligators are said to be 
harmful to muskrats, but no stomach 
collections or other observations have 
been made on these reptiles in Texas. 

The numbers of muskrats killed by 
other muskrats increases with popula- 
tion density. It is my impression that 
the proportions of pelts damaged by 
other muskrats is not high except in 
very productive marshes. The amount 
of fighting increases during late Janu- 
ary, February, and March. One freshly 
killed muskrat ‘‘mouse,’” about five 
inches long, was found on a feeding 
platform at daylight on January 18, 
1944, 20 feet from a nearby bed. It was 
slashed in a dozen or more places, but 
no part was consumed. Such mortality 
is difficult to observe because hawks 
and owls quickly remove the sign and 
much of it probably occurs within the 
beds. Careful trapping to prevent ex- 
cessive populations seems to be the only 
way to minimize intra-specific strife. 


MovEMENTS 


No significant amount of marking 
live muskrats has been done in Texas, 
but individuals do travel considerably. 
After crisp nights in late winter, tracks 
were regularly found in cow trails on 
low prairie about a mile from the near- 
est marsh. Muskrat tracks were found 
under my camp house on a bay shore 
about one mile across low prairie from 
the marsh, and also on the bay shore. 

Several hundred muskrats were taken 
along the beach at Gilchrist and High 
Island by hunters with dogs in the 
winter of 1943; the nearest marshes 
were a mile away. Trappers’ dogs at 
camps on bayous and prairies near but 
not in marshes almost always kill a few 
muskrats during the winter. Muskrats 
also are often killed by automobiles on 
all highways in the territory. 

One muskrat was found in March 
1944 in the center of the 30,000 acre Big 
Thicket deer and turkey project in 
Hardin County, about 40 miles 
from the nearest muskrat marsh. It 
probably traveled across the coastal 
prairie in rice irrigation canals to Pine 
Island bayou, which borders the project 
on the south, and thence up forest bor- 
dered streams to the oat patch in which 
it was found. 

Such dispersal is significant in ensur- 
ing the restocking of suitable habitat so 
long as there are some well-populated 
spots in the marsh region. Although 
over-trapping is not desirable, spring 
dispersal minimizes the seriousness of 
over-trapping. 

MANAGEMENT 


MARSH MANAGEMENT 
Most of the data on management of 
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Texas marshes were reviewed by Lay 
and O’Neil (1942). Following is a brief 
summary of present management con- 
clusions. 

Water levels always fluctuate, but 
should be controlled to prevent depths 
greater than about 12 inches or less 
than one inch. The brackish plant for- 
mation of Spartina patens and Scirpus 
olneyit often grows where the water level 
is below the surface in summer; but for 
muskrats the water should be above the 
surface, even in summer. About six or 
eight inches of water would be desirable 
from the standpoint of the muskrats 
and of observers walking in the marsh. 
With such a depth, muskrats would dig 
few holes or runways. Too great a depth 
encourages the undesirable freshwater 
plants such as cattail, giant bulrush, 
and southern cutgrass, whereas when 
the water is below the surface there is a 
loss of peat through oxidation and un- 
desirable effects on muskrats as to 
breeding activity and movements. 

Marsh water during warm weather 
often is covered with a mass of algae, 
buoyed by bubbles of gas; the water 
usually is dark and sometimes has con- 
siderable odor. Such stagnation is un- 
pleasant to man and would seem to be 
so to the muskrat; yet, regularly used 
runways have been observed through 
such water and it is doubtful whether 
muskrats will leave a marsh because of 
this condition. 

The salinity of marsh water varies ac- 
cording to rainfall, tides, hurricanes, 
and other factors. Since it controls the 
type of vegetation and since muskrats 
prefer plants occurring in brackish 
marshes, salinity must be considered in 
marsh management. A salinity of 1 to 





1.5 per cent of salts in the soil wate; 
(surface water does not matter) seems 
desirable. 

Levees, as constructed on the Jack. 
son marsh (Lay and O’Neil, 1942), have 
several values. When first constructed 
and while in good repair they help to 
control water levels, but the muskrats 
have ‘‘consumed” so much of them in 
four years that the levees do not ma- 
terially affect the water levels. The ley- 
ees are used for burrows, as foundations 
for beds, as feeding grounds when the 
water is so deep that feeding in the 
marsh is difficult, and for traveling. For 
the trapper, they serve to facilitate his 
trapping and, when new, facilitate his 
walking; but after being used by the 
muskrats for several years, they are 
more difficult to walk on than the marsh 
itself. If levees were spaced every 200 
yards, all muskrats probably could be 
trapped on them. With levees 300 yards 
or more apart on the Jackson marsh, 
about 80 per cent of the animals are 
taken on the levees. One particular sec- 
tion of levee was trapped heavily (a 
trap every 30 feet or so) for the first 
month of the season and then at inter- 
vals of about two weeks was retrapped 
a second and a third time. On the levees 
trail sets are the rule, and traps do not 
need to be moved as often as in the 
marsh where most of them are set at 
feeding sign. 

Burning is an accepted management 
tool for southern marshes, but the time 
is still a controversial topic (Lynch, 
1941). One factor not fully considered 
in previous discussions is that Scirpus 
olneyi, the important muskrat food, 
is secondary in the plant commun- 
ity and a pure climax of Spartina patens 
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eliminates or reduces the former. Since 
the S. olneyi makes good growth during 
cool weather and little or none in sum- 
mer, there is an advantage to burning 
in late summer. The grass is set back 
at a time when the sedge can make 
gains in competition with the grass. 
Spring burns work the reverse as the 
grass then can recover better than the 
sedge. This factor must also be bal- 
anced against the need for cover as pro- 
tection against hurricanes and high 
tides and the loss of water by increased 
evaporation after summer burns. Burn- 
ing at least every other year is cer- 
tainly necessary. 

The electric fence on the Jackson 
marsh was in poor repair during the 
winter of 1943-44 and for the first time 
in four winters cattle got into the marsh. 
They were attracted in numbers when 
young shoots of S. olneyi appeared in 
early February. Water levels were re- 
ceding from about 8 to 4 inches at the 
end of the season. The damage by cattle 
consisted of lost and broken traps 
(about 1 per 100 every day), broken 
trap stakes, and trampling of the beds, 
sign, and runs (making it difficult to 
find good places to set traps). Calves 
were noted on top of beds. An effect of 
all of this disturbance may be increased 
movements on the part of the muskrats. 
It seemed obvious that the value of the 
forage gotten by the cattle was much 
less than the cost in traps and pelts and 
the possible dispersion of muskrats. 

On an intensively managed marsh, 
predator control seems justified. If a 
heavy trapping pressure upsets the na- 
tural balance of the muskrat population 
and of its predators, anything the 
marsh manager can do to compensate 
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for his trapping seems justified. Rac- 
coons and marsh hawks kill some musk- 
rats, damage many pelts, and have little 
relative value themselves, hence are an 
economic liability. Muskrat trappers 
and operators have long disposed of 
raccoons and marsh hawks for these rea- 
sons. 


TRAPPING MANAGEMENT 


The marsh owner or leasee usually 
employs a number of trappers and as- 
signs them to definite parts of his area. 
In Texas about 40 to 50 per cent of the 
value of the catch goes to the trapper, 
according to who furnishes the traps 
and who stretches and dries the pelts. 
Close supervision of trappers pays good 
dividends. The allotment of trapping 
territories must be based on the number 
of traps a man can handle, together with 
the estimated number of muskrats 
present. With the long season in Texas, 
good marsh properly trapped will yield 
the average trapper about 2,500 or 
3,000 pelts annually. 

Most trappers favor encircling the 
whole territory at the first of the season 
and then gradually drawing their lines 
inward; this results in a thin line of 
traps at first and a shorter line with 
traps closer together at the end of the 
season. Where muskrats are numerous 
there is some advantage in dividing the 
territory and trapping only part of it at 
a time, which reduces the amount of 
travel by the trapper. The concentra- 
tion of traps must not be so great as to 
disturb the muskrats and cause them 
to move, which probably would result 
if more than one trap was set per five 
beds. During warm or normal winter 
weather it is impossible to find enough 
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fresh sign to warrant setting too many 
traps properly in an area. 

Continued moving of traps is highly 
recommended rather than working an 
entire line only on certain days. This 
makes both the catch and the work 
more uniform from day to day (since 
moving traps entails extra work) and is 
a more efficient procedure. As soon as a 
trap site shows no fresh sign and no 
catch is made for a reasonable period 
the trap must be moved. During crisp 
weather a trap may be moved profitably 
the first night it fails to catch or there 
is no fresh muskrat activity at the 
site. Since food cuttings and pellets of 
muskrats are fresh for only one day, the 
operator may place traps at sites where 
muskrats have been the previous night. 
During warm weather, however, musk- 
rats leave much less sign of activity and 
it is often impossible to find sufficient 
sign to warrant moving all traps on 
any one day. By proper and continuous 
working of his traps, one trapper can 
catch more muskrats with 150 traps 
than another with 300 traps which can- 
not be moved regularly. 

Daily running of traps is essential. 
When success is low, trappers often are 
tempted to run their traps only every 
alternate day, but this practice results 
in many spoiled or tainted skins; fur- 
thermore, the hawks and raccoons 
often leave only a few scraps of the 
muskrats taken during the first night. 

The four month season gives the 
private individual the opportunity to 
adjust the trapping season on his marsh 
to local conditions. The total winter 
catch will depend largely on the amount 
of cold weather, and on a line of 140 
traps will fluctuate (14, 80, 25, etc.) on 
successive days when a late February 


“norther” drops the temperature dow, 
to 32°F. for a few hours. 

The time when an individual shoul 
quite trapping is an important question 
to the marsh manager. Generally the 
trapper should move his line when an 
abnormal high proportion of kitts and 
mice is taken. With a normal ratio of 
kitts, subadults, and adults (8-28-64), 
an increase in kitts and a decrease jp 
adults is correlated with increased trap. 
ping pressure; a ratio of 20-40-40 jp. 
dicates over-trapping. Further study 
probably will reveal the point between 
these two ratios at which trapping 
should stop or a line be moved, but most 
trappers stop when their catches de- 
cline because it is not profitable to con- 
tinue. This practice saves much essen- 
tial breeding stock. 

Management of the trappers is a 
topic overlooked by some marsh man- 
agers. The catches of even the most 
dependable and efficient trappers will 
decline with uncertainty in obtaining 
food, supplies, and mail at their isolated 
camps. News about prices and other 
trappers is eagerly sought. Irritating 
inconveniences in camp often cost many 
times more in terms of pelts not trapped 
than it would require to correct such 
troubles. Marsh managers are busy 
men and have many difficulties with 
adverse weather, but their trappers turn 
in more pelts when the program is well 
organized and running smoothly. Care- 
ful attention to all of the many details 
of management will pay attractive cash 


dividends. 


SUMMARY 


1. On the 4,300 acre Jackson marsh, 
Chambers County, Texas, levee con- 
struction and other management has 
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increased the muskrat catch from 1.5 to 
5.1 pelts per acre in four years, and even 
more pelts could have been harvested 
safely during the fourth winter, 1943. 
Beds averaged 7.8 per acre in that 
winter, and were a reliable index of pop- 
ulations under certain conditions. A 
catch of 2.8 pelts per bed was made on 
an area of 31.6 acres with 230 beds, but 
9.5 is considered a proper harvest and 
2.0 a conservative figure for predicting 
catches from marshes where all musk- 
rats live in beds. 

2. Grades on 431 pelts taken during 
eight half-month periods, November 
16-March 15, showed a maximum per- 
centage of Tops in January and the first 
half of February, and of II’s in Novem- 
ber and March. The 4-month season 
should be maintained because of the un- 
certainties of trapping weather and bad 
consequences of under-trapping. 

3. Among these pelts, 7.2 per cent 
were slightly damaged and 4.4 per cent 
badly damaged. Of 147 cases observed 
in the marsh, the causes of damage 
were: other muskrats, 35.4 per cent; 
marsh hawks, 34.0 per cent; raccoons 
12.2 per cent; unknown, 18.4 per cent. 
To minimize damage to pelts, the trap- 
per should set traps in as deep water as 
practicable, run them early each day, 
and reduce the numbers of marsh hawks 
and raccoons. 

4. Three age groups are described. 
The subadults (460 to 509 mm. in total 
length) are old enough to breed but not 
fully mature; the males have at least 
one testis descended and some females 
are pregnant. Kitts and mice are 
smaller and adults larger. Pelts of sub- 
adults measure 197.5 to 222.5 mm. from 
ear to tail square. For the moderately 
trapped Jackson marsh, determination 
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of different samples by each of three 
methods (total measurements, pelt 
measurements, and inspection before 
skinning) gave a constant result of 
about 8 per cent kitts and mice, 28 per 
cent subadults, and 64 per cent adults. 
Several thousand pelt measurements on 
other ranches validated this ratio. 
Changes from this normal ratio are re- 
lated to overtrapping, lack of breeding 
success, and integrity of the trappers. 

5. Measurements of 4,591 pelts in 
ten groups are summarized and a meth- 
od described for determining age classes. 

6. Pregnancies occurred among adult 
females throughout the mild 1943 
winter, being 22 per cent in November, 
8 per cent in January, and 16.9 per cent 
in March. Breeding reaches a low level 
during the colder winters and perhaps 
in midsummer. Individuals probably 
breed before one year of age, some per- 
haps at six months. 

7. The sex ratio among 1,168 musk- 
rats examined before skinning was 59.2 
males to 40.8 females, or 145 males to 
100 females. The records indicate a cor- 
relation between trapping pressure and 
the sex ratio which introduces a possible 
error in most observations on sex ratio. 
Records for 69 kitts showed 47.8 per 
cent males. Among 703 muskrats 
grouped as to age the males were: kitts 
50 per cent, subadults 53.7 per cent, and 
adults 62.2 per cent. 

8. In a series of 99 muskrats, adult 
males averaged 1,069 grams and adult 
females 1,041.3 grams. No definite 
means of selecting ‘adults’ was used 
when taking these weights and the re- 
sults are not entirely comparable with 
those of other workers. 

9. Predation by marsh hawks, rac- 
coons, minks, and water moccasins, and 
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the mortality through intra-specific 
strife are discussed. Certain control of 
predators (already commonly prac- 
ticed) is approved. 

10. There was marked dispersal of 
muskrats in late winter and spring, of 
value in restocking vacant habitat. 

11. Management of marshes includes 
control of water levels and of soil-water 
salinity, construction of levees, proper 
burning, elimination of cattle grazing, 
and some predator control. 

12. Management of trapping includes 
proper location of trappers and allot- 
ment of trapping territories, movement 
of traps, daily running of traps, ending 
trapping at the correct time, and proper 
care of the trappers. 
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WEATHER AND THE KILL OF WHITE-TAILED 
DEER IN MAINE! 


Charles B. Fobes 


Portland, Maine 


Many sportsmen believe that the 
number of white-tailed deer (Odocoileus 
americanus borealis) killed during an 
open hunting season is related closely 
to the prevailing weather. This study 
substantiates the foregoing belief by 
showing the relation of some weather 
elements to the numbers killed at se- 
lected points in southern Maine during 
the open season from November 1 to 


1 Helpful suggestions of H. L. Mendall, 
Maine Cooperative Wildlife Research Unit, 
University of Maine, are gratefully ac- 
knowledged. 





December 1 in 1939-42. So far as the 
writer knows, there has been no previ- 
ous study of this sort. 

The number of deer killed legally dur- 
ing a hunting season is dependent upon 
such major factors as: (1) deer popula- 
tion, (2) numbers of hunters within the 
area, (3) length of season, and (4) hunt- 
ing conditions. Individually these factors 
change frequently and the combination 
results in variation in the total kill of 
each year. The writer believes that 
hunting conditions are the most impor- 
tant factor and are regulated by the 
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weather elements. The frequency and 
the amount of precipitation in different 
forms, the temperature, and other fea- 
tures of the weather are all involved. 

Throughout New England, weather 
conditions are quite local because of the 
influences of mountains and valleys, 
of the Atlantic Ocean, and of differ- 
ences in respect to storm paths and pre- 
vailing winds. Thus, precipitation as 
rain may occur at a coastal locality 
while twenty miles inland at the same 
time snow may be covering the ground 
because the moderating effect of the 
ocean does not extend to the interior. 
The number of “rainy”’ days varies so 
widely in short distances that one area 
may be subjected to drying while an- 
other is generously supplied with mois- 
ture. As a result, conditions in the 
woods during any season arising from 
the effects of the weather are not uni- 
form over extended areas. 

To obtain a true picture of the effect 
of weather on hunting, the area studied 
was limited to deer kill areas (Fig. 1) 
adjacent to established weather stations 
at Hiram, North Bridgton, Lewiston, 
Rockland, Gardiner, and Winslow. The 
records of annual deer kill in each area 
were arranged in an increasing order; 
for the entire area the deer kill increased 
70.4 per cent between 1939 and 1942. A 


MAINE DEER AND WEATHER—Fobes 








Fig. 1. Deer kill areas (shaded) and 
meteorological stations (A&) in southwestern 
Maine; counties are separated by heavier 
lines and townships by lighter lines. 


total of 2,818 were killed on the 901.1 
square miles in the four year period ac- 
cording to deer kill maps (by Archer 
Grover, formerly of the Maine Depart- 
ment of Inland Fisheries and Game) 
(Table 1). The average weather condi- 
tions then were noted for each year 
(from Climatological Data, New Eng- 
land Section, U.S. Weather Bureau). 
The averages for precipitation and 
temperature at each station are derived 
from daily values over a period of years. 
Any deviation (plus or minus) from the 
average for a station is termed a depar- 


TABLE 1.— WEATHER CONDITIONS AND DEER KILLED IN SELECTED AREAS OF SOUTHWESTERN 
MAINE, 1939-42. 





Year 1939 1940 1941 1942 
Deer killed 562 615 738 903 
Percentage increase a 12.6 82.7 70.4 
Snowfall, inches 0.09 1.42 9.26 6.88 
Precipitation, inches 1.33 3.12 5.51 4.89 
Precipitation departure, inches —2.16 —0.76 +1.85 +1.26 
Temperature °F., average at 5 stations 35 .5° 38 .0° 37 .6° 36 .5° 
Temperature departure, °F. —2.7° +4.4° +4.5° 0.0° 
Days: precipitation 3 cf 14 13 
clear 15 14 12 13 
partly cloudy 10 9 6 5 
cloudy 5 7 12 12 
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ture. Any day with 0.01 inch or more of 
rain is considered a precipitation day; 
this includes melted snow, so that the 
term “rainy” day is partly true. The 
amounts of cloudiness are recorded as 
follows: clear day, 0.3 or less of sky 
covered with clouds; partly cloudy day, 
0.4 to 0.7; cloudy day, 0.8 or more. 

As the precipitation and the number 
of “rainy” days increase, the deer kill 
does likewise. Years with decided de- 
ficiency in precipitation are marked by 
reduced toll of deer. Frequent rain or 
snow keeps the forest floor moist and 
affords quiet hunting conditions. An 
average of only 3.0 rainy days per 
month fails to maintain the necessary 
moisture. Townsend and Smith (Roose- 
velt Wildlife Bul., 6(2), 1933) in the 
Adirondacks saw practically no white- 
tailed deer on “rainy” days and ob- 
served that heavy downpours usually 
drove the deer to cover. From this it 
might be concluded that few would be 
shot during periods of rainfall above 
normal; however, when clearing weather 
prevails this temporary suspension of 
activity ends and the deer move about 
much more. Hunters know this fact and 
go into the woods when such activity is 
probably at a peak; as a result, the deer 
kill is considerably increased. Even a 
slight snowfall enables hunters to track 
deer readily. The kills for different 
amounts of snowfall were as follows: 


Snowfall Deer 
(inches) Killed 
none 250 
trace to 0.5 631 
0.5-3.0 348 
3.0-6.0 174 
6.0-9.0 670 
9 .0-12.0 446 
Over 12.0 235 


Depths above 8 or 9 inches are accom- 
panied by a lowered kill, since hunters 


are less willing to work in deep snow. 
There is also a lessened movement of 
deer under these conditions. The fol. 
lowing examples tend to illustrate these 
facts: 


Snowfall Deer 

(inches) Killed 
Gardiner 4.5 174 
13.5 143 
Rockland 0.8 72 
8.5 52 
Lewiston 6.5 147 
13. 110 


The condition of the weather as to 
clear, cloudy and partly cloudy days is 
closely related to the amount of pre- 
cipitation. Cloudy and partly cloudy 
days are often marked by rain or snow, 
where as on clear days there is abundant 
sunshine, low humidity, and little or no 
precipitation. Clear days create drying 
conditions leading to noisy hunting, 
with less success. 

The years with higher kills were 
those when November temperatures 
were normal or above. Townsend and 
Smith write that it was usual to see the 
white-tailed deer in greater numbers on 
comparatively warm days, either clear, 
or cloudy. Possibly the increased move- 
ment on warm days resulted in a greater 
kill, but those years in Maine when the 
temperatures were above normal were 
also ‘‘wet’’ years when quiet hunting 
conditions prevailed. 

In summary, the deer kill in Maine is 
at a minimum dyring hunting seasons 
without snow and when temperatures 
and precipitation are below normal. 
Ideal hunting is afforded by a damp for- 
est floor that allows the hunter to stalk 
his game quietly. Precipitation, either 
rain or snow, the direct source of all 
ground moisture, appears largely to de- 
termine the number of deer killed in 
any one season. 
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BRIEFER ARTICLES 


FIRST FRUITING OF WOODY FOOD PLANTS IN CONNECTICUT 


The age of first fruiting of woody food 
plants is important to wildlife workers to 
know when plantings will become available 
for use. In the autumn of 1942 a study of this 
subject was made in Connecticut. We col- 
lected stem samples of many young fruiting 
seedlings and counted the annual basal 
growth rings with the aid of a magnifying 
glass. The rings were indistinct in several, 
notably the grape and rose; as a further check 
microtome sections of all species were made. 
The number of samples varied from 10 of 
flowering dogwood to 72 of maple-leaved 
viburnum. The data were submitted for 
criticism to Messrs. Alexander Cummings 
and Charles Elton, owner and superintend- 
ent, respectively, of the Bristol Nurseries, 
Bristol, Connecticut. Our data and theirs, in- 
cluding records on three species not studied 
in the field, may be summarized as follows 
for age at first fruiting: 

Wild Nurs- 
ery 


Green briar (Smilax glauca) 1 

Japanese honeysuckle (Lonicera 
japonica) 

Wild rose (Rosa sp.) 

Barberry (Berberis Thunbergit) 

Chokeberry (Aronia arbutifolia) 

Maple-leaved viburnum (Vi- 
burnum acerifolium) 

Coralberry (Symphoriocarpus 
orbiculatus) 

Bittersweet (Celastrus scandens) 

Bayberry (Myrica cerifera) 

Huckleberry (Gaylussacia bac- 
cata) 


Oo WWW NH NNNN WW 
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Wild Nurs- 

ery 

Spicebush (Benzoin aestivale) 3 — 
Elderberry (Sambucus canaden- 

sis) 3 — 

Black alder (Ilex verticillata) 3 — 
Nightshade (Solanum Dulca- 

camara) 3 —_— 


Tatarian honeysuckle (Loni- 


cera tatarica) — 3 
Highbush cranberry (Viburnum 

americanum) —_— 3 
Arrowwood (Viburnum denta- 

tum) 4 3 
Red osier dogwood (Cornus 

stolonifera) 4 3 
Staghornsumac (Rhustyphina) 4 3 
Dwarf sumac (Rhus copallina) 4 oo 
Hawthorn (Crataegus sp.) 4 4 
Highbush blueberry (Vaccinium 

corymbosum) 4 — 
Wild grape (Vitis sp.) 4 == 
Wild cherry (Prunus serotina) 5 4 
Panicled dogwood (Cornus 

paniculata) — 4 
Flowering dogwood (Cornus 

florida) 6 


Pepperidge (Nyssa sylvatica) 13 


The majority of wild samples were col- 
lected in places having little or no shade, but 
the effect of shading on age at first fruiting 
was not studied. The fruit yields were light. 
Only the dwarf sumac, Japanese honey- 
suckle, and coralberry produced fruit crops 
comparable with those on older plants of the 
same species.—GEoRGE P. SPINNER and 
GeorGE F. Ostrom, University of Connecti- 
cut, Storrs, Connecticut. 


A DEVICE FOR MEASURING FISH! 


Measurements of fish as to total length 
and the length of various body divisions are 
made to obtain data on age, growth, and 
structural characteristics. Such measure- 
ments are often subjected to statistical analy- 
sis and it is desirable that the methods and 
devices employed yield standard and accu- 
rate data. 


‘ Research paper no. 1, Cooperative Fish- 
eries Research Staff, Territorial Board of 
Agriculture and University of Hawaii. 





Several measuring devices designed for 
ease and rapidity of operation are in general 
use and some have been described in the liter- 
ature. Colefax (Proc. Linn. Soc. N.S.W., 59: 
71-94, 1931) described a modification of the 
device and method earlier suggested by 
Buchanan-Wollaston (Jour. Cons. Perm. 
Int. Expl. Mer., 3: 380, 1928). The fish was 
held on a special board bearing a movable cel- 
luloid strip. The length of the fish to the mar- 
gin of the caudal fork was marked on the 
celluloid strip with an_awl and later, in the 
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laboratory, the measurements were read off 
over a meter rule. Single length measurements 
for several specimens could thus be recorded 
on a strip by one worker in a brief period. The 
chief disadvantage was that only one meas- 
urement per fish could be taken. Janssen 
(Calif. Fish and Game, 23(3): 190-204, 1937) 
constructed a trough-type sardine tagging 





We have employed a device (Fig. 1) hay. 
ing distinct advantages over those just de. 
scribed. It comprises a flat base, an upright 
back, and a left end or snout board, jj 
of j-inch pine. The upper edge of the back 
is rabbeted to receive a meter rule, having the 
zero point at the inner edge of the end board, 
On a copper tube, in front of and paralleling 
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Fig. 1. Apparatus for measuring fish. 


board and a measuring device. A meter rule 
was inlaid at the bottom of the trough, the 
zero point being against a board extending 
across one end of the trough. The fish was 
placed in the trough with its snout against 
the wooden stop and the total length (or to 
margin of caudal fork) were read directly 
from the meter rule. Brock (Stanford Ichthy. 
Bul., 2(7): 199-248, 1943) employed a sim- 
ilar device but with a flat bottom board. Ac- 
curate measurements of various divisions of 
the body cannot be obtained with these de- 
vices. 


the rule, is a movable indicator hinged to a 
brass sleeve moving snugly on the tube. Both 
proximal and distal arms of the pointer are 
joined to a broad vertical riveted hinge, per- 
mitting free up and down movement but pre- 
venting side play. The snout board and a 
block at the right end of the back are mor- 
tised to receive the copper tube. The latter 
is held by screws in wooden plugs driven into 
the ends of the tube. The tube is placed level 
with gradations on the lower half of the rule 
so that the indicator sleeve is always in jux- 
taposition to the gradations regardless of the 
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are described by the pointer. To facilitate 
readings, the sleeve is marked by a groove 
aligned with the tip of the pointer and filled 
with red copper paint. A fish is placed on the 
base, with its snout against the end board, 
the pointer is moved along the supporting 
tube until the tip touches the body part de- 
sired, and a reading taken on the rule ex- 
actly opposite the indicator groove. 

This device could be used for linear meas- 
urements of other vertebrates and would 
help to eliminate differences in individual 
techniques by standardizing methods. 
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The advantages of this device are: (1) All 
longitudinal measurements are standardized 
because the pointer moves in a straight line 
parallel to the fixed rule. (2) The body curva- 
ture is not included in a length measurement. 
(3) The articulated pointer is placed directly 
on the part, insuring accurate measurements. 
(4) Both aquatic and land vertebrates can be 
measured and tagged with ease and speed, 
and be released for later recapture.—ROBERT 
W. Hiatt amd CuristopHer J. Hamre, De- 
partment of Zoology and Entomology, Univer- 
sity of Hawaii, Honolulu, T. H. 


VERMONT’S WILD GAME RESOURCE: NON-RESIDENT INCOME 


Almost $160,000.00 is spent in Vermont 
each year by non-resident hunters in pursuit 
of wild game. Eighty per cent ($128,000.00) 
of the total expenditure goes to private busi- 
ness and the remainder to the Fish and Game 
Service for propagation, protection, and con- 
trol of the wildlife crop in the state. 

It was felt desirable to determine how ac- 
ceptable the department’s current manage- 
ment methods were to the non-resident group 
and to obtain facts on the economic value of 
the resource. Questionnaires similar to those 
used by Hoover (Hoover, Earl E., New 
Hampshire’s Game Resources, American 
Wildlife, July-August, 1936, p. 51) were sent 
to 1800 of the 2269 non-resident hunters who 
purchased licenses in 1943 in four southern 
Vermont counties. An original letter of ex- 
planation accompanied the postal card ques- 
tionnaire and if the card was not returned 
within t.n days a follow-up letter was mailed. 

From 1925 to 1943 the number of non- 
residents hunting in Vermont increased 216 
per cent, an average of 12 per cent annually. 
Between 75 and 85 per cent of the non-resid- 
ent licenses are sold each year in the four 
counties nearest population centers in Mas- 
sachusetts, Connecticut and New York. 

Questionnaires were mailed during De- 
cember, at the close of the hunting season, 
and over 60 per cent were returned. The 
questions were framed with the thought that 
if sportsmen were permitted to give indi- 
vidual expression on departmental admin- 
istration a higher percentage of cards would 
be returned. About 50 per cent of the replies 
were sufficiently complete for tabulation, 





giving a sampling of 38 per cent of the total 
non-resident hunters in the region. 

Deer, snowshoe hare, bear, red fox, cot- 
tontail and raccoon were the favorite game 
mammals, in the order named. Bear were 
given protection only recently (1941) and in 
the past were listed as noxious animals. 
Ruffed grouse, pheasant, waterfowl and 
woodcock were the favored game birds. 
Pheasants made up only 4.1 per cent of the 
reported take of small game. They can be 
produced artificially at reasonable cost, and 
an increased liberation program and a study 
of management methods for the species have 
already been undertaken by the department. 

Suggestions for improvements by non- 
resident sportsmen were classified under 49 
headings; the call for an open season on an- 
tlerless deer was far the longest and strongest. 
The Fish and Game Service has evidently 
not sufficiently publicized the biological and 
economic reasons which do not justify asking 
for a doe season at the present time. Nearly 
88 per cent of those replying were wholly or 
in part deer hunters, while 55 per cent hunted 
small game. Deer hunters spent an average 
of 4.7 days in the field, with 11 per cent suc- 
cessful, while small game hunters averaged 
a kill of one unit per day and hunted 7.5 
days in the state. 

The average non-resident hunter spent 
$5.01 each day, hunted 8.6 days a season, 
and spent $43.11 in total, exclusive of the 
license fee. Even with strict gasoline ration- 
ing, the average hunter traveled 140 miles 
by car in Vermont and spent a total of $7.59 
for all traveling within the state. Lodging, 
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meals, equipment and incidentals made up 
over 60 per cent of the total, the average ex- 
penditures being as follows: lodging, $8.56; 
meals $10.58; hunting equipment $7.51; in- 
cidentals $8.77. 

The deer herd is estimated to bring in 
about $80,000.00, or over half the total in- 
come. In 1943, there were 352 successful non- 
resident deer hunters; thus each deer killed 
by non-residents was valued at $227.00. 

Small game had a similar high value to 
non-resident visitors. An estimated 12,000 
units were bagged in 1943 at an average cost 
of $6.50 each. Approximately five per cent 
of state revenue was spent for maintenance of 
camps or was paid out to towns for taxes on 
property owned. Miscellaneous game species 
such as bear, red fox, raccoon and waterfowl 
accounted for about four per cent of the total 
spent. 

There was considerable variation in the 
type of hunters in each of the four counties 


studied. Thus, 60 per cent of the revenue 
brought into Bennington County was spent 
in the pursuit of small game and in Windham 
County nearly 60 per cent of the total income 
was allotted to the pursuit of deer. Facts of 
this sort are extremely valuable in determin. 
ing the small game stocking policy. 

While the expenditures probably were 
rather low because of wartime scarcities and 
rationing of car travel, the method can be 
used to advantage both for factual informa- 
tion and for publicity. If there is need of reor- 
ganizing game management activities to 
satisfy public demand, the questionnaire 
method yields more reliable results than any 
other mode of sampling public opinion. Eeo- 
nomically, if more reliable facts on public de- 
mand are available, the departmental pro- 
gram can be arranged more efficiently by 
producing directly for the public demand.— 
LEONARD E. Foots, Vermont Fish and Game 
Service, Montpelier, Vermont. 


HYBRIDIZATION OF BIGHORN AND DOMESTIC SHEEP 


Some years ago, a male lamb of the Nelson 
or Desert Bighorn (Ovis canadensis nelsont) 
was caught by Rex Bell on or near his ranch, 
near Las Vegas, Nevada.! The ram remained 
on the ranch and was bred experimentally to 
a domestic ewe, which gave birth to a couple 
of female lambs. Contrary to expectation, 
the hybrids proved to be fertile. The ram was 
line bred to these hybrid daughters, and they 
both had lambs which were three quarters 
wild stock in the spring of 1943. Unfortu- 
nately coyotes or dogs soon killed them, while 
the old ram and the female hybrids escaped. 
The ram was later recovered, but the hybrids 
have not been found. These hybrids were 
presumably pregnant and, if alive, may have 


1 An article in the California Wool Grower 
(San Francisco, 10(45): 22-23, November 5, 
1935) reports a hybrid lamb born to a do- 
mestic ewe on the Charles J. Belden ranch (Z 
Bar T), at Pitcbfork, Wyoming, on April 10 
(1934?). The lamb was weak and sickly for 
about two months, then became vigorous; its 
coat was said to be part hair and part wool. 
It ran with a small herd of goats on the 
ranch.—T. I. Storer. 


more three-fourths wild lambs born in the 
hills. Mr. Bell will continue his breeding 
experiments, but they must be badly delayed 
unless the original hybrid ewes return to the 
ranch. The writer has heard of several un- 
published but probably correct ranch reports 
of similar hybridization in southern Nevada 
and contiguous areas in Arizona. 

This wild ram lamb was raised success- 
fully on a ranch without special care; it asso- 
ciated with all of the ordinary ranch animals, 
and grew into a healthy but savage pet. 
Either its survival in captivity may have 
been an exception, or the belief that wild 
sheep are highly susceptible to the diseases 
of domestic animals may be incorrect. On 
the Desert Game Range, sheep are excep- 
tionally free from disease, and this specimen 
came from the same general area. 

Nationally, our bighorn sheep are in 
rather bad straits. The writer, in 1940 and 
1941, made observations on the Fort Peck 
Game Range in Montana, where the last of 
subspecies audubonit was wiped out perhaps 
in 1916, and also examined the lava beds area 
in California during the winter of 1942-43 
where the last individuals of californiana pre- 
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sumably died in a blizzard about 1889. Re- 
ports from Wyoming show considerable con- 
cern about pneumonia in these animals, and 


informal advices from the remaining bighorn 


habitat of Montana are not optimistic. In 
the United States, mountain sheep are listed 
as legal game only in Wyoming, where the 


NEWS 


Carl L. Hubbs, formerly of the Museum 
of Zoology, University of Michigan, has been 
appointed Professor of Biology in the Scripps 
Institution of‘Oceanography of the Univer- 
sity of California at La Jolla, California. 

Gustav A. Swanson has been appointed 
Biologist in the U. S. Fish and Wildlife Serv- 
ice and will be in charge of the program of the 
cooperative Wildlife Research Units of the 
service. He previously had been Associate 
Professor of Entomology and Economic Zo- 
ology at the University of Minnesota. 

Ian McT. Cowan, formerly with the 
Provincial Museum at Victoria and the Uni- 
versity of British Columbia at Vancouver, 
joined the staff of the California Museum of 
Vertebrate Zoology in Berkeley on January 
1; his new title is Mammalogist and Assistant 
Professor of Zoology. 

Reeve M. Bailey has resigned as Assistant 
Professor of Zoology at Iowa State College 
to become Associate Curator of Fishes in the 
Museum of Zoology, University of Michigan, 
Ann Arbor. 

In the review (Journ. Wildl. Mgt., 8: 343- 
344, 1944) of Hochbaum’s book on the can- 
vasback, there was an error in mentioning the 
volume on “The ducks, geese and swans of 
North America.” Francis H. Kortright (and 
not Cartwright) is the author of the latter. 

The Tenth North American Wildlife Con- 
ference will be held in New York City at the 
Pennsylvania Hotel on February 26 to 28, 
1945.* Besides the general sessions and meet- 
ings of other organizations concerned with 
wildlife problems, there will be six technical 
sessions. Each of these will provide for six 
15-minute papers, plus time for discussion. 


* Sez SPECIAL NOTE on NExtT PAGE. 


season is short and local. With neither the 
condition nor numbers of wild sheep satisfac- 
tory, observation of some in enclosures 
might be of value, and such observations may 
be practical with the Nelson Bighorn.—AL- 
BERT VAN S. Puuuina, Desert Game Range, 
Las Vegas, Nevada. 


NOTES 


The subjects, session chairmen, and dates are 
as follows: 


FOREST LANDS AND WILDLIFE. Chairman: 
N. W. Hosley, University of Connecticut, 
Storrs, Conn., Feb. 26. 

CROPLANDS AND WILDLIFE. Chairman: 
Warren W. Chase, Soil Conservation Service, 
U. S. Dept. Agric., Washington, D. C., Feb. 
26. 

RANGE LANDS AND WILDLIFE. Chairman: 
Orange A. Olsen, U. 8. Forest Service, Ogden, 
Utah, Feb. 27. 

RECENT DEVELOPMENTS IN WILDLIFE RE- 
SEARCH. Chairman: Douglas E. Wade, Natu- 
ralist in Residence, Dartmouth College, 
Hanover, N. H., Feb. 27. 

MARSHES, WATERS AND WILDLIFE. Chair- 
man: Dr. J. N. Gowanloch, 117 Courthouse, 
New Orleans, La., Feb. 28. 

PARKS, REFUGES, URBAN LAND AND WILD- 
uiFe. Chairman: J. N. Hickey, University of 
Chicago, 5214 South Woodlawn Ave., Chi- 
cago, Ill., Feb. 28. 


Anyone interested in presenting a paper in 
any of the fields mentioned should corre- 
spond directly with the chairman (as listed 
above) as soon as possible and not later than 
January 20. Prospective authors should pro- 
vide the chairman with a title and one-page 
summary of the proposed paper, including 
conclusions. If and when accepted, the au- 
thor will be given further instructions. Papers 
should average about six pages of double 
spaced typing, or about 1,500 words. No 
facilities for exhibits or the projection of 
slides or movies can be provided, but speak- 
ers may bring their own if desired. 

Other correspondence about the technical 
sessions should be addressed to Lloyd W. 
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Swift, U. S. Forest Service, South Agricul- 
ture Building, Washington, D. C. 

Dr. George S. Myers of the Natural His- 
tory Museum, Stanford University, Cali- 
fornia, who has recently returned from work 
in Brazil, is compiling a bibliography on the 
use of fishes in mosquito control and would 
welcome reprints and references not only on 
this subject but also on injuries to food, 
game, larvicidal and other fishes, or to food 
and game animals, caused by the use of 
other methods of mosquito control, such as 
oiling, use of Paris Green, DDT, and other 
chemicals. 

Dr. Paul R. Needham has resigned from 
the United States Fish and Wildlife Service 
and has joined the staff of the Oregon Fish 
and Game Commission, with offices in Port- 
land. Dr. Needham will be in charge of the 
research program on freshwater fishes and 


also the hatcheries of the Commission 

Cecil S. Williams and Hortin Jensen, bi- 
ologists in the Fish and Wildlife Service at 
Salt Lake City have received rewards of $100 
in cash and $100 increase in annual Salary 
from the United States Department of the 
Interior in a recent invention contest. Their 
“gadget” is a small boat moved by a wing 
propeller aft, “able to skim at 40 miles per 
hour in only one inch of water.” 


SPECIAL NOTE. As WE Go To Preuss 
Worp Comes To Us THAT THE CONFERENCE 
HAS BEEN CANCELED AT THE REQUEST OF THE 
OFFICE OF DEFENSE TRANSPORTATION, Szs- 
SION CHAIRMEN ARE REQUESTED TO sEyp 
ANY Manuscripts RECEIVED TO THE Ayer. 
ICAN WILDLIFE INSTITUTE IN WASHINGTON 
BY Marca 1. 


REVIEWS 


The Wolves of North America. Part I. Their 
history, life habits, economic status, and 
control, Stanley P. Young. Part II. 
Classification of wolves, Edward A. Gold- 
man. Washington, D. C. The American 
Wildlife Institute. xx +636 pp., 131 pls. 
(6 col.), 15 figs. 1944. $6.00. 


Since long before the dawn of recorded 
history wolves have influenced mankind, and 
for centuries they have endangered his life 
and his livelihood. Because of their size and 
habits, wolves have long been the symbols of 
strong and ruthless action; they occupy a 
large place in folklore and legend and in 
countless tales of exploration and travel in 
the Northern Hemisphere. 

Despite their wide occurrence and impor- 
tant economic status, surprisingly few books 
about wolves have been written by natural- 
ists. The present volume, therefore, is a wel- 
come and important addition to biological 
literature, because it embraces a _ great 
amount of material screened from the wide 
but scattered literature to which the authors, 
in their respective fields, have added richly of 
first-hand experiences with these animals. 
After a brief historical introduction, there 





is a detailed account of the distribution of 
wolves in North America (50 pp.), their 
physical characteristics and natural history 
(106 pp.), their economic status, both useful 
and harmful (120 pp.), and the various means 
and equipment used for their capture and 
control (100 pp.). The part on classification 
(119 pp.), deals with history, general char- 
acters, pelage and molt, and variation, to- 
gether with detailed descriptions, measure- 
ments, and ranges of the 23 subspecies of 
Canis lupus and three of C. niger. There is 
an extensive bibliography (80 pp. )supporting 
the many quoted or summarized statements 
in the text from various authors and sources. 
The color plates are by Walter A. Weber and 
Olaus J. Murie. Other illustrations are of 
captive and wild wolves, their dens and 
young, their homes and prey, the means and 
equipment used in capturing wolves, and 
photographs of several wolf-dog hybrids. 
Part II includes distributional maps and half- 
tone figures of wolf skulls, with three views of 
each subspecies. 

The volume contains a great wealth of 
materials on all aspects of wolf biology and 
economy. Each subdivision in Part I is pre- 
faced with a summary statement by the au- 
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thor on the immediate topic of discussion and 
then there follow detailed accounts quoted or 
summarized from various sources. The maxi- 
mum known weight of a wolf is 175 pounds. A 
running wolf can travel at 22 to 24 miles for 
a time, then slows its pace, but has great en- 
durance. In two weeks one was known to 
travel a linear distance of 125 miles over four 
mountain ranges. Known wolf runways are 
20 to 60 miles in diameter and marked by 
numerous “‘scent posts.”’ On occasion a wolf 
may gorge an enormous amount of meat—up 
to 20 per cent of its gross weight. Attacks on 
man in both the New and Old Worlds have 
been the subject of much discussion and there 
is much conflicting evidence, probably result- 
ing from differences in the behavior of indi- 
vidual wolves or wolf packs under varied 
circumstances. Wolf flesh sometimes serves 
as emergency food for man, and is said to be 
fairly palatable. Wolf pelts, because of their 
size and thickness of hair, have long served 
as robes and rugs; up to about 1900, they 
brought only a few dollars apiece but recently 
have been sold at $17 to $24 each. 

The various means, ancient and modern, 
for capturing wolves are described fully, and 
these accounts give the experiences and re- 
sults obtained by many different persons en- 
gaged in wolf control. The depredations of 
wolves on wild game and domestic livestock 
are discussed extensively with rather detailed 
“case histories” for some of the famous in- 
dividual renegade wolves in the United States. 

Both authors are unusually qualified for 
their respective tasks. Young’s vocation and 
avocation has long been the pursuit of wolves, 
personally (Pl. 10) and administratively, lat- 
terly supplemented by “trailing” them 
through printed and written documents of 
diverse sorts and sources. And Goldman’s ex- 
tensive taxonomic work with various mam- 
mals is of particular benefit when dealing 
with the intangible characters of Canis. 

The historical introduction might have 
mentioned |’Association des Lieutenants de 
Louveterie of France, now largely honorary 
and concerned with conservation of wild 
game, but stemming back through the cen- 
turies (to a.p. 813) when the control of 
wolves and other harmful animals was a nec- 
essary task, first delegated to members of the 
nobility. (See La louveterie. La destruction des 
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animauz nutsable.... Paris, publ. by... 
l’ Association. 416 pp. 1929).—Tracy I. 
STORER. 


The Bobwhite Quail in Eastern Maryland. 
Kenneth A. Wilson and Ernest A. 
Vaughn. Baltimore, Game and Inland 
Fish Commission of Maryland. 138 pp. 
illus. 1944, 


This is a concise, detailed report of an 8- 
year quail management project on the Poco- 
moke State Forest, Maryland, written for 
“the wildlife technician, the sportsman and 
the forester,’ but it is too technical for the 
sportsman. The authors hope for “increased 
production of bobwhite quail through im- 
provement of the environment and through 
other management procedures.” Maps, covey 
records, planting techniques, food prefer- 
ences, predator influences, costs of operation, 
and problems of maintenance are discussed 
in an intelligent attempt to correlate “wild- 
life management with forestry policy in effi- 
cient programs of land-use.” 

The authors introduce new techniques in 
food analysis of droppings and censusing by 
tracking in sand, in addition to the usual 
stomach analyses and counts of flushed 
birds. Tables showing ‘‘approximate quan- 
tity” relationship of foods raise some ques- 
tion of correct conclusions. I prefer the 
listing of food plants in order of quantitative 
measurement instead of “frequency of occur- 
rence.’”? On the other hand, statements re- 
garding the apparent importance of each food 
are sound. 

The publication relegates the factor of 
predators to a minor role in quail production 
under cover conditions of the Pocomoke. It 
casts logical doubt on restocking as an im- 
portant influence. It emphasizes the primary 
need of food in a forest that contains abun- 
dant cover; quail increased with food patches 
and decreased without them. It encourages 
the release of native shrubs as more practical 
than transplanting of the woody species. 

Food strips, particularly borders, are rec- 
ommended for widespread application on 
Maryland farms through the joint efforts of 
sportsmen and landowners. The authors cast 
aside, as unsuccessful, several kinds of oft- 
recommended foods, and discuss each kind, 
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pointing out its fault. Considerable reference 
is made to sericea lespedeza as a food for 
quail, and as an effective plant “in holding 
off the invasion of undesirable vegetation” 
that would otherwise become established in 
the open strips. The reader is considerably 
disappointed in the shortcomings of every 
food evaluated, and is consequently some- 
what discouraged in spite of recommenda- 
tions to plant certain of them; this illustrates 
the present stage of progress in game con- 
servation—the faults are becoming evident 
and should lead to faster development of bet- 
ter methods. 

The authors touch briefly on the possible 
merits of bicolor lespedeza, a plant that 
promises to be more suitable for quail man- 
agement on projects such as Pocomoke. The 
knowledge gained in eight years is unusually 
commendable, but eight years was not suffi- 
cient—it was really only a beginning. 

The casual reader will note the absence of 
a summary and of thorough conclusions, but 
careful analysis reveals a basic reason for 
these omissions—the project was not con- 
clusive; although certain phases, such as low 
predation, seem obvious enough. 

A period of refinement and further de- 
velopment is needed on Pocomoke. For exam- 
ples: Neither sericea nor bicolor lespedezas 
were studied sufficiently; the width of strips 
may be too great for the highest efficiency in 
land use; and the extension of perennial les- 
pedezas along with normal timber harvests 
appears worthy of study. A number of men 
in the wildlife field might make appropriate 
suggestions for further studies, now that the 
8-year records are available. 

The authors deserve commendation for 
the thoroughness of their efforts and the 
fearlessness of their presentation. They are 
right on the verge of game management— 
sans complexity, untested theory, false econ- 
omy, conflicting land-use recommendations, 
and confusion.— VERNE E. Davison. 


Natural Principles of Land Use. Edward H. 
Graham. New York, Oxford University 
Press. xiii+274 pp., 32 pls., 8 figs. 1944. 
$3.50. 


Ever since mankind changed from food 
gathering to food producing as a means of 
livelihood, there have been problems in land 
use. These have varied from those of individ- 
ual tenants or owners to those of warring 





nations seeking territorial expansion. Even jf 
all of the political and economic factors in 
land used could be adjusted, there remain 
many biological matters for consideration 
and these are the subject matter of the pres. 
ent volume. People in the United States haye 
become increasingly conscious of matters in 
this field, particularly with the work of the 
U. &. Soil Conservation Service during the 
past decade, and this volume stems from the 
author’s background as Chief of the Biology 
Division in that Service. 

So broad and so intricate are the problems 
of land use that a small volume can include 
only the highlights of each subdivision of the 
topic, yet there is enough to provide the aver- 
age reader with a fair perspective. The pres- 
entation is essentially ecological. Introduc- 
tory chapters consider the land-management 
concept, the animal and plant inhabitants, 
their changes and successions, and related 
matters such as food chains, cycles, and 
predation, together with brief indication of 
the means for studying these phenomena. 
Then follows “the study of the land” and 
land classification, farms, forest, range and 
waters, wild species native and exotic, con- 
trol methods for obnoxious forms, and the 
relations between land and human welfare. 
There is a selected and annotated bibliog- 
raphy. The plates illustrate various condi- 
tions of land, both wild and cultivated, under 
various types of use, with examples of abused 
areas before and after corrective treatment. 

The author has endeavored to deal with 
all phases of the problem and not merely 
those of interest to the biologist or zoologist. 
Attention is given to the various kinds of 
land uses and to the responsibility for main- 
taining lands in productive condition. The 
terminal chapter, “the land and human 
welfare,”” summarizes the relations of man- 
kind and of his culture and society to land 
use.—Tracy I. STORER. 


The Prairie Chicken in Missouri. Charles W. 
Schwartz. [Jefferson City, Missouri], 
Missouri Conservation Commission. 
Frontisp. (colored)+83 halftone pls. 
with brief text. 1944. $5.00. 


This is a superb atlas, 9} by 124 inches, 
with decorative embossed cover, portraying 
the life history of an outstanding and dis- 
tinctive American upland game bird, Tym- 
panuchus cupido americanus. The original 
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photographs were made with a Leica camera 
equipped with various lenses and are repro- 
duced as offset halftones on eggshell book 
paper, yielding a volume of high technical 
and artistic quality. 

The illustrations of the prairie chicken and 
its habitat follow the annual cycle of the 
species, from early spring on the booming 
grounds where the birds congregate and 
mate, through nesting, growth of the young, 
and other details in the life activities of the 
bird. These are supplemented by plates de- 
picting various types of habitat used by the 
prairie chicken and the effects of various 
human cultural practices on such lands. 
There is also a map of the major occupied 
range in Missouri. Searcely any American 
species has been portrayed so well or so 
completely. 

The volume thus presents to the inter- 
ested “‘reader,’”’ be he sportsman, naturalist, 
or wildlife worker, on outline of the life cycle 
of an upland game species perhaps more use- 
ful than many more pages of printed text 
could provide. Study of the illustrations in 
detail will afford many facts about behavior, 
about environmental requirements, and about 
other matters of importance in the life of the 
prairie chicken. 

Despite the high quality of photographic 
and printing art in the volume as a whole, 
certain objections must be registered against 
its physical form. There is no table of con- 
tents, and neither the pages or plates are 
numbered; the user, therefore, must hunt for 
any particular illustration, sheet by sheet. 
Some of the pictures are enlarged to a scale 
where all fine detail is lost and the grain of 
the miniature negative begins to show, and 
some include foreground out of focus that 
detracts from the pictorial effect of otherwise 
excellent illustrations. The “text” is unduly 
brief, commonly only a sentence or two on 
the entire page facing a plate. Several per- 
sons who have examined the editor’s (pur- 
chased) copy have remarked that the text 
could have been printed beneath the illus- 
tration in many instances with a substantial 
saving of paper when the latter commodity 
is scarce. 

Anyone who has endeavored to obtain 
photographs of the life of any upland game 
bird realizes the long and painstaking efforts 
involved and will appreciate the amount of 
such work entailed in the present volume. 
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Mr. Schwartz has earlier shown his ability 
as an artist in other media (e.g., Curtis and 
Guthrie, “Textbook of general zoology’’), 
and this volume on the prairie chicken 
demonstrates his competence in photogra- 
phy, which has been set forth in a splendid 
example of modern bookmaking.—Tracy I. 
STORER. 


The Argasidae of North America, Central 
America and Cuba. R. A. Cooley and 
Glen M. Kohls. Notre Dame, Indiana, 
The University [of Notre Dame] Press. 
=American Midland Naturalist Mono- 
graph No. 1. 5+1-—152 pp., 14 pls., 
57 figs. 1944. 


The argasine ticks are important ecto- 
parasites of a few reptiles, various wild birds 
and mammals, some domestic animals, and 
man. Some are the direct cause of irritation, 
disease, and mortality in their hosts and 
others serve as vectors for various micro- 
scopic disease organisms. This volume brings 
together in convenient form materials on 
structure and taxonomy and on both the 
geographic and host distribution of the 25 
species recognized by the authors. The half- 
tone plates provide excellent enlarged photo- 
graphs of adults (both dorsal and ventral 
views) and the line drawings show numerous 
details of external structure essential for use 
in classifying specimens. In addition there 
are maps showing the range of the more im- 
portant or better known species. 

The introduction contains brief mention 
of the medical and veterinary importance of 
some species, a glossary of technical terminol- 
ogy (with illustrations), and some methods 
useful in dissecting and in rearing ticks. For 
some species there are hosts and locality lists. 
There is a classified lists by hosts, a geo- 
graphic summary of the distribution of spe- 
cies of ticks, and a bibliography (5 pages). 

Dr. Cooley has devoted over 40 years to 
the study of ticks with especial reference to 
their relation to Rocky Mountain spotted 
fever and other tick-borne diseases, in which 
work Mr. Kohls has been associated for 
many years. This volume reflects their long 
and intimate concern with the subject mat- 
ter and will be useful to workers in a variety 
of fields, particularly as an aid in more 
exact identification of specimens.—Tracy I. 
STORER. 


